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INTRODUCTION 
Plant species in general show genetically-based ecologi­
cal differentiation (Heslop-Harrison, 1964). Ihe teim gene-
cology was first applied by Turresson (1923) to the study of 
infraspecific variation of plants in relation to environment. 
These studies were designed to explain the patterns of infra-
specific ecological adaptation, and elucidate the mechanisms 
whereby this adaptation was achieved. 
The study of Infraspecific variation of plants in re­
lation to environment merges into taxonomy when the primary 
objective is to systematize for classlfleatory purposes; 
into genetics, when the mechanisms of variation and selection 
are the objectives of the study; and into plant physiology 
when the physical responses of the organism to the environ­
ment are of primary Interest. 
Many effective weed control practices make use of known 
differences in the ecological characteristics of crops and 
competing weed species. Accurate infoimatlon about the bio­
logical capabilities and habitat requirements of weeds are 
requisite to the development of efficient weed control prac­
tices (Stanlforth, 1961)• Qhere are a number of indications 
that the germination requirement of weed species may differ 
markedly over its geographical range. Harper (1965) has 
noted that students of weed biology in different parts of 
the world often report quite different requirements for ger-
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minatlon of seed of the same species* In most of the litera­
ture of seed dormancy It has been assumed that a species or 
population has a characteristic requirement for germination. 
Harper considers that this Is a false assumption. 
Extensive research has been done by plant scientists 
to extend our knowledge of weed biology. From a review of 
the pertinent literature It becomes apparent that the pre­
ponderance of this work has been done with weeds collected In 
a relatively small geographic area* Billings (1957) has em­
phasized the danger of extrapolation or generalization of 
physiological Information gained from studies of small geo­
graphic samples to the total range of the species* Isely 
(1958) has stated that we are "woefully short of Information 
concerning the distributional and environmental vagaries of 
specific weeds*" Isely considers that it Is not possible to 
estimate the economically significant portion of the range of 
a weed species without data on Its distribution and physio­
logical tolerances* Such data are almost completely lacking* 
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PURPOSE OP STUDY 
%e primary objective of this study was to describe 
several types of physiological and morphological variation 
In three widely distributed weed species; Amaranthus retro-
fleius L., hybrldus L* and ^  powellll Wats. A second 
objective was to relate variation with habitat differences 
wheare possible. 
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LITEHATUHE BEVIEW 
Biology of Amaranthus 
Tajonomy and oytogenetios 
Amaranthus retroflexus L,, ^  hybrldus L. and ^  powel-
111 S* Wats, are closely related members of the section 
Amaranthotypus Dumort (Saner, 1950a; Tucker and Bauer, 1958). 
Section Amaranthotypus is known to be a taxonomically dif­
ficult group. The species in the section do not exhibit 
readily definable characters to separate them as distinct 
entitles (Grant, 1959o). The North American Amaranthaceae 
•were monographed by Uline and Bray (1894) and by Standley 
(1917). Sauer (1950a) has studied the history and taxonomy 
of the grain Amaranths. Bie taxonomy and distribution of 
the dioecious species of Amaranthus have been reviewed by 
Sauer (1955» 1957)* Kowal (1954) has studied the morphology 
and anatomy of seeds of 21 species of Amaranthus s including 
A. retroflexus and ^  hybrldus. 
Hie cytology and cytogenetics of the genus Amaranthus 
have been studied by Grant (1959a, 1959b, 1959c) and Murray 
(1940). Diese workers have reported chromosome numbers of 
n = 17 for ^  powellli and n = 16 for ^  retroflexus and A. 
hybrldus. Natural interspecific hybridization has been re­
ported between ^  hybrldus, A. retroflexus and ^  powellli 
by Grant (1959c), Murray (1940), (Dicker and Sauer (1958), as 
well as by many other workers. Natural interspecific hybridi­
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zation appears to be a major source for initiating variation 
and promoting speclatlon in Amaranthus (Grant, 1959c). 
The original habitat of ^  powellil appears to have been 
naturally open sites along stream channels (Grant, 1959©» 
Tucker and Sauer, 1958). 
Sauer^  notes that the taxonomy of ^  powellll is com­
plicated. He has observed that the Oordllleran race is very 
uniform but that the Great Basin race is variable and ap­
pears to run continuously into what has been called A. 
Wrightii. 
Genetics and the breeding system 
Murray (1938) studied the inheritance of sex and pig­
mentation in the Amaranthaceae Including the species A. 
powellll, A. retroflexus and ^  hybridus. He noted that in 
the monoecious species it is extremely difficult to emasculate 
the flowers. Œhe most satisfactory method of making crosses 
in the monoecious species was to pollinate heavily as soon 
as the stigmas were receptive and to remove the staminate 
flowers by hand. Even so, he observed 5-25 percent self-
pollination. Attempts to emasculate species by immersion in 
hot water were unsuccessful. 
Murray (1940) noted that up to 12^  natural Interspecific 
hybrids occurred in an experimental garden, but he considered 
S^auer, Jonathan. Madison, Wisconsin. Taxonomy of 
Amaranthus. Private communication. I965. 
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that this was much higher than what would occur under field 
conditions* He observed that Amaranthus species hybridize 
freely but that the hybrids were highly sterile. All 
hybrids exhibited about 99 percent pollen abortion and there 
was a very high incidence of ovule sterility. Murray con­
sidered the failure to synapse the major cause of sterility. 
In contrast, Grant (1959c) stated that fertile interspecific 
hybrids occur in nature. Neuter plants occur in hybrids 
arising from crosses between Acnida tamariscina and any of 
the monoecious species of Amaranthus. 
Ecology 
Zabka (1961) concluded that ^  caudatus was a quantita­
tive short-day species. He found that floral induction took 
place about 5 days before floral primordia were macroscopi-
cally visible. Puller (1949) reported A. caudatus to be a 
short-day plant although the Amaranthaceae as a whole have 
been reported to be indeterminate by Allard and Gamer in 
1940. 
Nougarede et al. (1965) considered ^  retroflezus a 
quantitative short-day plant. Bie apex of a plant on an 8-
hr. photoperiod, which has formed the fourth leaf, may enter 
the reproductive phase following a brief transitional phase, 
niese workers noted that a meristem of ^  retroflexus which 
is temporarily prevented from flowering by long photo periods 
alters its structure and cytochemistry. 
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MoWilllams (1965) studied germination of Amaranthus 
retroflexus and other weeds under laboratory, greenhouse and 
field conditions* In the field, significantly larger popu­
lations of weed seedlings were obtained by use of poly­
ethylene tents than were produced under natural conditions* 
This study indicated that the density and composition of 
the weed seedling population are strongly influenced by the 
prevailing temperature alternations Immediately prior to 
germination. Both the extremes of temperature (hi^  and 
low) and the length of time at the extremes Influence the 
resulting weed flora* %e temperature response is an impor­
tant ecological factor in weed germination and establishment. 
Distribution 
According to Mulligan (1965) there are many weeds that 
do not conform to the popular thesis that weeds are ubiquitous* 
nhese weeds appear to have reached the limits of their in­
herent capacities and show distribution patterns as clearly 
marked as those of our native species* The patterns indicate 
a close response to climate and other environmental condi­
tions* A weed species generally occurs in the maximum num­
ber of habitats toward the center of its distribution and in 
only one or a few habitats at the peripheries of its range* 
Billings (1964) points out that even weeds with broad geo­
graphic ranges have many ecologio ranges in which they can 
not grow because certain habitats are beyond their tolerance 
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range. 
Diverse opinions have arisen concerning the origin of 
pigweed. Steyermark (I963)» Gleason (1952) and many other 
American authors consider Amaranthus retroflexus to be native 
to tropical America and naturalized throughout the U.S. 
TideStrom and Kittell (1941) and Rydberg (1922) consider A. 
retroflexus to be native to Europe, Shinners (195^ ) stated 
that it is generally accepted to be native in tropical America. 
A. retroflexus was an early introduction in Europe, Africa, 
and Asia, It was originally named from Pennsylvania, and 
believed by Standley (1917) to have been native to the south­
eastern U.S. Apparently it was introduced to Texas in about 
I894. Shinners^  stated that ^  retroflexus is rather rare 
in extreme east Texas and common outside the eastern pine 
area. The author cited two Louisiana collections but noted 
that a number of more or less western plants are found as 
far east as Red River Parish, apparently having come down 
the Red River by natural means, Shinners suggested the 
possibility of spread before the coming of the white man by 
such tribes as the Cherokee who came from the west in pre­
historic times, 
2 Taylor stated that A. retroflexus does not grow in 
S^hinners, Lloyd, Dallas, Texas, The distribution of 
Amarstnthus, Private communication, 1966, 
2 Taylor, Alberto B, Turrialba, Costa Rica, Distribu­
tion of Amaranthus, Private communication, 1966, 
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Costa Hica. Gerber could find no specimens of jL retro» 
2 flexus In the Republic of South Africa. SundararaJ stated 
that "1 have not come across the species in any of the South 
Indian Herbaria..Sin^  ^did not know of any ^  retro-
flexus in India. Blydenstein had not seen ^  retroflexus in 
Venezuela or Colombia and could not find it mentioned in 
South Anerioan floras. 
Long^ , Ward^ , and Bell? considered the weed to be rare 
in the Southeastern U.S. Bell noted that it occurs only in 
8 four counties of North Carolina. McMillan noted that A. 
retroflexus is listed from every section of Texas except the 
piney woods of eastern Texas. McMillan suggested that this 
species does not grow well in highly acid soils, typical of 
G^erber, M. N. Pretoria, South Africa. (Die distribu­
tion of Amaranthus. Private communication. 1966; 
2 
. Sundararaj, D. D. Coimbatore, India. Distribution of 
Amaranthus. Private communication. 1966. 
S^ingh, Harbhajan. New Delhi, India. Distribution of 
Amaranthus. Private communication. 1966. 
Blydenstein, John. Turrialba, Costa Rica. Distribu­
tion of Amaranthus. Private communication. 1965* 
L^ong, Robert W. Tampa, Florida. Distribution of 
Amaranthus. Private communication. 1965* 
a^rd, Daniel B. Gainesville, Florida. Distribution 
of Amaranthus. Private communication. i965« 
'Bell, Ritchie. Chapel Hill, North Carolina. Distribu­
tion of Amaranthus. Private communication. I965. 
M^cMillan, C. Austin, Texas. Distribution of Amaran­
thus. Private communication. I966. 
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eastern Texas and much of the southeastern U.S. Ewsui^  had 
not seen the species in Louisiana. 
Tucker and Sauer (1958) considered the species to be 
2 
native to the Northeastern U.S. Sauer stated; "1 don't 
know where ^  retrofleius is native. In the eastern U.S., 
it is certainly more northern than ^  hybridus. going on up 
into Canada» while ^  hybridus stops at about the northern 
border of Illinois. ^  retroflexus can scarcely be native 
to tropical America, since it doesn't grow there. It seems 
to have its main range from New England and Eastern Canada 
out into the northern Plains and down to Texas and Arizona* ** 
According to Joshl (1937) the secondary vascular cylin­
der of the root and stem of certain species of Amaranthus. 
including ^  retroflexus. is nearest to the smcestral con­
dition of the family. Since the family is chiefly tropical 
and the genus Amaranthus has its center of distribution far 
to the north of the tropics (Standley, 1917)* it is unlikely 
that the genus is nearest to the ancestral condition of the 
family. Furthermore, ^  powellll and possibly A. retroflexus 
are found far to the north of the center of distribution for 
the genus. This would be evidence for a comparatively recent 
evolutionary origin for these two species. 
. ^ Ewan, Joseph. New Orleans, Louisiana. Distribution of 
Amaranthus. Private communication. 1966. 
2 Sauer, Jonathan. Madison, Wisconsin. Distribution of 
Amarantiius. Private communication. I966. 
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Wilson (I924) thought that Amaranthus represented the 
highest point of development of the medullary condition in 
the Anaranthaceae,  ^retroflexus was one of the species con­
sidered in this study. Joshi (1931) stated that he agrees 
with Wilson* s steps in the evolution of the medullary bundle, 
with the genus Amaranthus as the most advanced. 
If ^  retroflezus is native to the northeastern or north 
central U.S. (Tucker and Sauer, 1958)» and the center of dis­
tribution of the genus is the southwestern U.S., it would 
seem that ^  retroflezus is a young species. This conclusion 
would agree with Wilson* s 1924 data on the medullary bundles 
of the genus. 
A. hybridus is native to tropical America where it is 
a common weed. %e species is found over most of the U.S. 
to a latitude of about northern Iowa and northern Illinois, 
except along the coasts where it grows further north. 
A. powellii is common in the northwestern United States 
and appears to be native to this area.  ^powellii is an 
uncommon weed in Iowa. Francis^  reports that timothy seed, 
thought to have been grown in N.D., was heavily contaminated 
with ^  powellii seeds. The timothy was sown in an orchard 
F^rancis, Arthur. Ames, Iowa. Amaranthus powellii in 
Iowa. Private communicationi. 1965* 
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at Amesj Iowa resulting in stands of ^  powellii of up to 
15 plants per square foot; 
Physiology 
Crocker (I906) showed that the mechanical restriction 
afforded by the seedcoat to expansion of the embryo was the 
main factor influencing primary dozmancy in seeds of Anaranthus 
retroflexus. Any factor which reduced the structural strength 
of the seed coat, such as abrasion, the use of acids or in­
creased temperatures, was instrumental in breaking primary 
dozmancy. It was not known how long this condition, respon­
sible for dozmancy, persisted in seeds of Anaranthus in the 
soil (Evans, 1922), 
Anong the seeds which have been shown to be dozmant 
when freshly harvested are those of Anaranthus retroflexus 
and Ruaex obtusifollus (Barton, 19^ 5)• Fresh seeds of Amaran-
thus germinate at a temperature ranging from 30-40° C« Sam­
ples held dry, gradually change in their capacity for gezmin-
ation so that, after two or three months, they will germinate 
over a wide range of temperatures. Some seed germinated, al­
though relatively slow, at temperatures as low as 10° C. 
Barton (I962) pointed out that seeds of Anaranthus retro­
flexus. when freshly harvested, show a degree of dormancy 
which varies from year to year and from location to location. 
When any freshly harvested seed lot is placed under moisture 
conditions which favor germination, the temperature deters 
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mines the number of seedlings emerging. 
Concerning the life-span of weed seeds, Crocker (1906) 
observed that seeds of Amaranthus retroflexus and Portulaca 
oleraoea were viable after 40 years of storage In sand. 
Crocker and Barton (1957) pointed out that one of the re­
markable things about the longevity of weed seeds In the soil 
Is that most of them do not have Impermeable seed coats. 
This Implies that they become fully Imbibed with water shortly 
after falling to the ground and remain In that condition un­
til germination requirements are satisfied. Some weed seed 
actually remain viable longer In the soli than they do In 
dry storage In the laboratory. 
In an effort to obtain more definite Information on the 
behavior of certain seeds. Barton (19^ 5) collected seeds of 
Amaranthus retroflexus in 1942 and 19^ 3 and placed them in 
germlnators at 20° C. Some of the seed remained dormant for 
more than six years, while others germinated sporadically 
throughout the course of the experiment, The seeds could be 
Induced to germinate at any time by raising the temperature 
to 35^  C, by rubbing them in the palm of the hand and re­
placing at 20® C, by partial desiccation, or by use of alter­
nating temperatures. Dormancy induced on the moist medium 
at 20® C resulted in a decreased respiration rate. 
This reduction in the respiration rate of seeds has 
been thé object of several studies. Barton (19^ 5) observed 
a reduction in the respiration rate of Amaranthus seeds held 
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moist, without germination. These freshly harvested seeds 
were held dormant on a moist medium by placing them at tem­
peratures which inhibit germination at that time. The on­
set of reduced respiration of Amaranthus retroflexus seeds 
at 20° G became apparent after two days and was definite after 
eight days in moist storage. Measurements continued on 
these seeds held moist at 20° C at intervals up to 901 days. 
The seeds showed a gradual reduction in the volume of gaseous 
exchange to about 10 percent of the original production. 
This rate was reached at the end of a year, 
Sherman (1921) investigated the respiration of dormant 
seeds of Amaranthus retroflexus and Chenopodium album. These 
seeds were held dry from the time of harvest until 24 hours 
before respiration measurements were to be taken. The carbon 
dioxide given off and the oxygen absorbed by seeds of Amaran­
thus were determined after dry storage for a period from 3 
to 176 days. The respiration values were higher than those 
reported by Barton (1945) for seeds of the same species held 
dormant under moist conditions. This may be accounted for, 
in part, by the progressive after-ripening in dry storage 
and the persistence of an initial dormancy, or the onset of 
secondary dormancy in moist storage at a temperature un­
favorable for germination. 
In a storage experiment using peas. Went (1957) found 
that germination decreased exponentially with increasing age. 
However, the viable seeds germinated as well, and formed as 
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vigorous plants as seeds collected from recently harvested 
plants. A large percentage of the seeds did not germinate, 
but rotted or molded immediately. It appears likely, there­
fore, that aging in pea seeds is largely a matter of the dis­
appearance of antibiotics, which protect the seeds when they 
are exposed to soil. Further, it is possible that the for­
mation of antibiotics in the seed also affects the respira­
tion and gemination properties of the seed. %e reduction 
in the rate of respiration of Amaranthus observed by Barton 
(1945) could be explained using Went*s (1957) hypothesis. 
Periodicity of germination has also been observed for 
seeds of Amaranthus held moist in a 20° G room for 78 months 
after harvest (Barton, 1945). Crocker and Barton (1957) 
noted that 
Germination behaviour at this temperature which is un­
favorable for germination of the freshly harvested seeds 
is difficult to understand. A few seeds geminated im­
mediately and others germinated at intervals with no 
apparent cause. Careful records of germination ... ex­
hibited a remarkably uniform periodicity of germination 
... Under natural storage conditions in the soil, 
Amaranthus retroflexus seeds germinate before 10 months. 
%e periodicity in their germination under controlled 
conditions was apparently independent of external con­
ditions. QSiat the germination of seeds of any one lot 
was so distributed indicates the absence of uniformity 
of physiologic behavior. The difficulties in separating 
the several factors involved in determining germination 
are apparent. 
Brans (1958) studied the effect of fresh water storage 
on germination of several weeds including Amaranthus retro­
flexus. He observed that after 33 months in water, 90 per­
cent of the seeds were no longer sound. Ttie remaining 10 
16 
percent sprouted. 
Evans (1922) noted that seeds of Amaranthus which were 
stored for a long period of time failed to completely after-
ripen as a result of some factor associated with the seed 
coats. The minimum temperature at which gemination will 
occur with fully after**ripened seed is lowered by the re­
moval of the seed coats. In freshly harvested scarified 
seeds, the minimum temperature for germination was the same 
as for dried seeds with coats which had been scarified. %e 
ability of Amaranthus seed to respond to optimum germination 
conditions, embryo vigor, and the rate of growth of the ex­
cised embryo under any given set of conditions is not af­
fected materially by after^ ripening. In this species after-
ripening apparently does not involve the embryo directly, 
since embryos of fresh seed develop vigorously if the seed 
coat effects are removed. The germination of seeds of 
Amaranthus is slightly inhibited by light at all temperatures, 
according to the unpublished experiments of Crocker and Davis. 
Hiis inhibitory effect of light on germination applies also 
to treated seeds (Evans, 1922). 
King (I966); Olson (1940); Frankenridge (1956); 
Newsom (1937)» Woo (1919) and Campbell (1924) have all 
noted that Amaranthus retroflexus has a very high capa­
city for nitrate absorption. Campbell (1924) recorded 
nitrate levels as high as 4.39 percent on a dry weight basis 
in the leaves of ^  retroflexus. Abel (1966) and King (I966) 
17 
noted that livestock often die from eating pigweeds. 
Numerous workers have studied various aspects of the 
biology of ^  retroflexus. King (I966) described the root 
system of many weeds including pigweed. He also noted that 
A. retroflexus provides a reservoir of fungal and bacterial 
Inoculum when growing around crop lands. Pavlychenko (19^ 0) 
noted that in Canadian wheat fields ^  retroflexus has a 
total leaf surface of 1400 square cm., as opposed to an area 
of 149 square cm. of Marquis wheat at the same growth stage. 
This makes pigweed a strong competitor for light. Sweetman 
(1928) observed 18 species of Insects Inhabiting the roots 
of pigweeds growing near Ames, Iowa. Bibbey (1935) observed 
that ^  retroflexus was found only in cultivated areas and 
was not found in prairies, pastures or abandoned land in 
Canada. Bibbey (1935) and Went (1957) have observed that 
pigweed is one of the later germinating weeds. 
Genecology 
The extensive recent literature of genecology has been 
reviewed by Hiesey and Milner (19^ 5) and by Heslop-Harrison 
(1964). Ihe older literature of genecology has been reviewed 
by Stebbins (1950) and Huxley (1942). Only papers which 
pertain directly to this study will be considered in this 
review. 
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The term genecology was applied originally by Turesson 
(I923) to the study of the Infraspeclflc variation of plants 
in relation to environment. (Die three main principles of 
Turessonian genecology may be summarized as follows; 1. 
Wide-ranging species show spatial variation in morphological 
and physiological characteristics; 2, Much of this infra-
specific variation can be correlated with habitat differences; 
3. Most of the ecologically-correlated variation is attri­
butable to the action of natural selection in molding locally 
adapted populations from the pool of genetical variation 
available to the species as a whole (Turesson, 1922a, 1922b, 
1923, 1925, 1930). 
Heslop-Harrison (1964) considers that the mass of evi­
dence accumulated subsequently to Turesson*s work establishes 
the fact that plant species in general do show genetically-
based ecological differentiation. While most workers agree 
ecological differentiation exists, there has been a great 
deal of controversey over the nature of the patterns of 
variation. Two schools of thought developed concerning this 
question, the Gregor school, emphasizing cllnal variation 
and the Clausen group, emphasizing the ecotype concept. Bie 
work of Gregor et al. (1936, 1950); Gregor (1938, 1939» 1944) 
revealed several types of graded inter-population variation. 
Gregor (1939) introduced the following terms* 
"Cline - any gradation in measurable characters. 
Eco dine - a dine apparently correlated with an ob­
servable ecological gradient. 
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Ecotype - a particular range on an ecocline." 
The work of the Carnegie group (Clausen et al., 1940, 
1948; Clausen and Hlesey, 1958) reveals a different outlook 
upon infraspecific patterns of ecological differentiation. 
These, workers considered, in contrast to Gregor, that the 
genecologlcal variation was discontinuous rather than con­
tinuous, 
Paegrl (1937) and Langlet (1934) have pointed out that 
since the habitat factors usually vary spatially in a con­
tinuous rather than in a stepped manner, graded rather than 
discontinuous variation is to be expected in a wide-ranging 
species as a consequence of adaptation to habitat. Since it 
is the habitat that ultimately selects the best fitted geno­
type, distinct ecotypes would be expected where the habitats 
are discontinuous and dines where the habitat varies con­
tinuously, 
Genecologlcal technique 
Phenotyplc inter-population variation in plnat species 
may arise from three sources: 1, The direct plastic modi­
fication of the individuals; 2, Genetlcal divergence in con­
sequence to selection, and 3* Drift in small populations 
(Heslop-Harrison, 1964), The problem of distinguishing 
genecologlcal differentiation requires the separation of 
adaptive from random inter^ populatlon variation and the sepa­
ration of the adaptive variation into its genetic and non-
20 
genetic components* 
The common practice Is to attempt to eliminate the ef­
fects of environmental modification of Indlvldiiais "by growing 
population samples In a standard experimental plot. This 
method, which predates genecology by at least a century has 
been criticized by Heslop-Harrison (196#) and Bjorkman and 
Holmgren (1963), Heslop-Earrison pointed out that the most 
important deficiency of the uniform garden method is that 
in eliminating environmentally Imposed variation it may 
obscure genetically determined differences in the capacity 
to react adaptlvely to special environments. Another critlciaa 
of genecologloal studies lies in the form of material col­
lected for experimental plot investigations. If the plant 
material is grown from seed, the investigator Is sampling 
from the population which necessarily has descended from 
selected ancestors but has not Itself undergone selection. 
When populations occupy unlike habitats but are in sufficiently 
close proximity to permit gene exchange, differentiation will 
only proceed if selection pressure is high enough to "out­
balance gene flow" (Heslop-Harrison, 196#. In the above 
case, adaptation may be a generation-to-generation phenomenon 
with a random dispersal of genotypes over the entire area each 
year. In this case reliance upon seed samples for the esti­
mation of genotypic differences is to insure that they will 
not be found, since it is the actual surviving population in 
a given site that illustrates ecological differentiation. 
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Heslop-Harrison considered that the aberrant individuals re­
corded in various studies on photoperiodic ecotypes may have 
had this origin. 
The criticism of the standard experimental garden and 
the practice of using seed are both applicable only when 
negative results are obtained in a genecological study. 
Harberd (1957) and Wilkins (1959) have concluded that 
the within-population variance is not a particularly useful 
statistic in genecological studies» and that the value of a 
trial is most likely to be increased by increasing the number 
of populations sampled rather than the sample size. 
Many of the limitations of the simple transplant technique 
are removed when methods of varied-environment or reciprocal 
transplanting are used. The whole response of plant to habitat 
is of adaptive importance; physiological responses, not mor­
phological responses, are paramount. Wilkins (1960a) pointed 
out that the ultimate test of adaptation is survival in the 
given habitat, and all other kinds of evidence are bound to 
be circumstantial. He suggested that the best form of cir­
cumstantial evidence is that arising from the study of cor­
relations between measurable habitat factors and plant chaz^  
acters. Concentration upon morphological characters may lead 
to incorrect conclusions about adaptedness of populations if 
the characters themselves are neutral enough in respect to se­
lection to vary randomly. Morphological characters are no 
more than a by-product of the physiological process basically 
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concerned. Many workers Including Wilkins (1957» 1960b) have 
observed populations that were extremely tolérant to certain 
edaphic factors, such as heavy metals, but could find no mor­
phological features that were correlated with tolerance. 
Evolution and ecotypic differentiation 
Mather (1943) has shown that compromise will always be 
involved between fitness for the environment as it exists and 
the flexibility which will permit further adaptive change. 
Allard (1965) stated that the great majority of successful 
weeds have a mating system involving pre-dominant self fer­
tilization. Allard presents data that suggest that even a 
snail percent of out-crossing is an important factor in keep­
ing predominantly self-pollinating populations from becoming 
highly uniform. Studies by Allard (1965) suggest that the re­
combination systems of many predominantly self-pollinated 
species may not be as restrictive as commonly supposed, but 
may in fact provide for rapid alteration in the composition 
of the genë pool should conditions arise where this would be 
advantageous. Analyses of the genetic systems of certain 
predominantly self-pollinated weeds indicate that they are 
capable of adjusting their variability systems rapidly by 
virtue of ready modification of levels of outcrossing, 
crossover rates, and other factors which govern recombination 
rates. Œhe weeds which Allard studied appeared to have 
genetic systems with the high flexibility which is optimum 
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for opportimlstlo settlement and enduring occupation of di­
verse and complex habitats. It seems probable that autogamy 
is rarely complete and many species appear to benefit from 
an ability to interpolate outbreeding episodes over long 
periods of selfing. Pryxell (1959) has called this condition 
cyclical autogamy. 
Comparative plant physiology 
In the literature of zoology there are extensive texts 
on the subject of comparative physiology. In recent years 
several authors have emphasized the need for data on the 
comparative physiology of plants (Billings, 1957» Hiesey and 
Milner, 1965, Mulligan, 19^ 5). ®ie tolerance range concept 
of Billings (1964) is based upon a knowledge of the comparative 
physiology of species. He stated that the tolerance range of 
a species is equal to the sum of the tolerance ranges of all 
of its local populations or ecotypes. Comparative photo syn­
thetic rates of tree species and ecological races have been 
reviewed by Hiesey and Milner (I965). 
Mulligan (I965) has been interested in comparing the bio­
logical characteristics of weedy species to their close rel­
atives. Gumming (1959, I960) has compared weedy and nonweedy 
species of Chenopodium under controlled environmental con­
ditions. He found that weedy species of Chenopodium germinated 
and flowered under a wider range of photoperlods and tempera­
tures than did the nonweedy species. Baker (I965) has made 
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comparisons between weedy and nonweedy species of Eupatoritun. 
He noted that phenotypic plasticity, quick flowering ability, 
and self-compatibility were some of the characteristics of 
the weed, E. microstemon. 
Since the ecological ranges of species are deteimlned 
by the tolerance ranges of their component ecotypes, physiolo­
gical work on a single strain or local population of a species 
cannot be extrapolated and considered as typical for the whole 
species, unless it is a very narrow endemic (Billings, 1957)* 
None of the common weeds in Iowa are narrow endemics and what 
is physiologically true for one weed population may be false 
for another spatially close population. Ecotyplc variation 
can be shown with regard to almost any factor of the environ­
ment (Billings, 1957» Heslop-Harrison, 1964; Hlesey and Milner, 
1965). 
Grabe (1957) used pathological tests and physiological 
methods in developing techniques for the varietal determination 
of oats and soybeans. Larsen (I965) used a thermogradient 
plate for demonstrating temperature effects on seed germination 
of alfalfa. 
Langridge (I963) and Langridge and GriffIng (1959) have 
demonstrated that the climatic condition that most readily re­
sults in "phenotypic breakdown" is high temperature. Langridge 
(1963) has termed temperature-induced growth deficiencies "tem­
perature lésions". At temperatures only slightly above opti­
mum, growth may stop or become abnormal. Langridge and Griff ing 
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detected high-temperature lesions in Arabidopsls by growing 
43 races at several different temperatures. At the highest 
temperature, five races possessed very abnormal phenotypes 
including chlorotic leaves, twisted stalks, and suppressed 
lamina growth. 
Edaphic adaptation 
Hiere have been many studies of species and ecological 
races that can grow on specialized soil situations. ïhey 
may grow at extremely low levels of essential nutrients, or 
they may tolerate unusually high levels of toxic elements 
(Kruckeberg, 1950; Bradshaw, 1962; McMillan, 1959; Zybura, 
1966). Agronomists have made use of the physiological tol­
erance of plants to NaCl by germinating various varieties of 
crop plants on substrates containing salt in solution. Many 
alkali tolerant crop varieties have been selected in this 
manner (Ayers, 1952; Neidig, 1925; Ayers, 1948; Uhvits, 1939). 
Tliere are very few studies dealing with the tolerance of 
ecological races in germination response to toxic concentra­
tions of carbon dioxide and low oxygen tensions. There is 
no reason for supposing that adaptation of plants to the soil 
atmosphere would involve processes different from those gov­
erning adaptation to any other edaphic conditions. 
Many workers have studied the soil-seed aeration relation­
ship (Bibbey, 1935» 1946; Sells, I965; Bussell, 1952). The 
levels and relationships of oxygen and carbon dioxide have 
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been shown to be closely associated with primary and secondary 
dormancy of weed seeds. Seeds of different species vary in 
their oxygen requirements for germination, and in their re­
sponse to carbon dioxide (Bibbey, 1946). Many hydrophytes 
germinate and develop best under conditions that are limiting 
to mesophytes (Loehwing, 1934). (Oie germination of the seeds 
of many cultivated plants, if maintained at 20 percent oxygen, 
is unaffected by increased concentration of carbon dioxide. 
Most seeds show lower germination if the oxygen tension is 
decreased appreciably below that normally present in the at­
mosphere. The effect of carbon dioxide is usually the re­
verse of oxygen. Host seeds fail to germinate if the carbon 
dioxide tension is too high. The ratio of carbon dioxide to 
oxygen appears to be an important factor in seed germination 
(Sells, 1965; Mayer and Poljakoff-Mayber, I963). 
Saline and alkali soils 
Stevenson and Brown (1915) and Stevenson et (1930) 
studied alkali soils in Iowa. ïîiey pointed out that the al­
kali spots in Iowa are mainly associated with peat deposits. 
Such alkali spots are usually small, ranging from one-tenth 
of an acre to two acres in size. Alkali soils are usually 
found in connection with swales, ponds or sloughs that have 
been drained and brought into cultivation. Hopkins et al. 
(1912) state that alkali spots are very numerous in central 
and southern Illinois* Dr. Ruhe^  has noted that crops do 
very poorly on alkali soils in western Iowa and these spots 
usually become "weed patches". 
Salt tolerance and seed germination 
A crop growing on saline soil is frequently character^  
ized by an uneven stand and the prevalence of barren areas. 
Œhe critical stage of crop production on saline soils is 
probably germination (Ayers, 1952; Neidig, 1925» Ayers, 1948; 
UhvitSf 1939). Small quantities of salts are much less toxic 
to alfalfa plants in the young seedling stage than at ger­
mination. Plants that are transplanted into saline soils 
continue to grow in salt concentrations at which there is 
practically no germination. Sodium chloride showed the 
greatest toxic effect of all salts studied by Harris (1915)* 
Snail amounts of NaCl are especially toxic in combination 
with other salts. 
Buffun (1896) and Uhvits (1939) concluded that the re­
tarding effect of a salt solution on germination of seeds is 
in direct proportion to its osmotic pressure when the solu­
tions are concentrated. Ayers and Hayward (1948) noted that 
Marriout barley seeds germinated at the highest level of 
salinity of any species tested; Marriout barley germinated 
satisfactorily in the presence of a 21 atmospheric solution 
of NaCl. Uhvits (1939) found that germination of alfalfa Is 
R^uhe, Robert V. Ames, Iowa. Distribution of Amaranthus. 
Private communication. 1966. 
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practically Inhibited on substrates saturated with 12 to 15 
atmospheric solutions of NaCl. McMillan (1959) observed that 
Typha angustifolia was more tolerant of salt than T. lati-
folia. He did not observe any significant difference in seed 
germination between the two species when germinated on sub­
strates saturated with 1 percent NaCl solutions, longenecker 
et al. (1965) showed differences between cotton varieties in 
tolerance to salt in the seedling stage. 
Seed weight 
Plants which bear large seeds, gained by sacrifice of 
number, may gain an advantage in aggression and a disadvantage 
in dispersal. Mean seed weight is among the least plastic 
properties of plants (Harper, I965), In view of the impor­
tance of seed size and number In the biology of weeds, it 
would be of the greatest Interest to obtain comparative data 
for these parameters, in different habitats (Harper, 1965)» 
Harper has further stated; "slight variation in the 
time at which a species germinates may be overwhelming in 
determining its success or failure.0." dhis suggests that 
weed biologists might critically evaluate the seeds and seed­
lings of weeds. Seed number, seed size, seed polymorphisms, 
and precise germination requiremeûts are important factors 
in the establishment of weeds (Harper, 1965)* 
Wagner^  working with Ambrosla trlfida observed a dine 
W^agner, Warren. Ann Arbor, Michigan. Seed size in 
Ambrosia. Private communication. 1966. 
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in seed size from the southcentral United States to the north­
eastern United States. Clausen and Hiesey (1958) observed 
a dine in seed size in Potentilla from alpine habitats to 
coastal populations. 
Black (1957» 1958, i960, 1961) has studied the effect 
of embryo size on plant growth. Eiabryo size; 1. determines 
the depth from which emergence can take place, and 2, is 
associated with the amount of photosynthetic surface that 
is produced. Only under optimum spacing conditions can a 
plant maintain any early advantage afforded by differences 
in assimilating surface. Under conditions of interplant 
competition any early advantage afforded by a differential 
assimilating surface may be lost. Plants of small stature 
as determined by smaller embryo size, are relegated to a 
position of inferiority in terms of available radiant 
energy. 
Stebbins (I966) considered that larger seeds gave more 
vigorous seedlings and that this was an important character­
istic which allowed Helianthus annus susp. bolanderi to be­
come a weed. 
McMillan^  observed that in Pinus there was a geographic 
correlation in seed size and that seed size was correlated 
with rate of root growth. Korstian (192?) stated that large 
oak acorns produced heavier, higher seedlings than did light 
M^cMillan, C. Austin, Texas. Distribution of Amaranthus. 
Private communication. 1966. 
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or medium weight aooms* The heaviest' aooms also gave the 
highest percentage of surviving seedlings. 
Salisbury (1961) noted that in England ^  retroflexas 
is found in clover fields* Seed weight is about .003 gr./ 
seed. In another study, Salisbury (1942) measured seed size 
in several hundred species of the British flora. He demon­
strated that the plants growing in open habitats* such as 
fields and areas of disturbed soil, generally have smaller 
seeds than those of semi closed or closed communities. The 
size of the seed was inversely correlated with the amount 
of light available to the young seedling. Exceptions were 
found in saprophytes, parasites and in groups in which the 
young seedlings are nourished by mycorziiizal fungi. Smith 
(1935) observed that terrestrial Bromeliads of open habitats 
had small, air^ bome seeds while Bromeliads of closed habi­
tats had heavy seeds. Stebbins (1950) noted that in the 
genera Dubyaea. Prenanthes and Crepis the species which live 
for the most part in the forest belts are little specialized 
in their methods of seed dispersal and their seeds are large 
and heavy. On the other hand, all the groups of annual or 
biennial species have some type of specialization in their 
involucres or achenes. 
Stebbins (1950, 1966) stated that Camelina sativa has 
developed races capable of infesting flax fields in Europe. 
The common form is a bushy annual, with small seed pods and 
rounded seeds*' This form grows on roadsides and in open 
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fields. It is not adapted to infesting flax fields. The 
races that do invade flax crops have large, flat seeds. 
Ihese seeds are not easily separated from the flax seeds by 
winnowing. Stebbins noted that once Camelina had entered 
into flax fields as a weed there were three types of selective 
forces operating on it: 1. climatic factors, 2. phyto-
sociological factors, and 3. the effects of threshing and 
winnowing the seeds. Stebbins considered that the increase 
in seed size was one of the most important adjustments by 
which Camelina became adapted to the flax field environment. 
Seed germination and polymorphisms 
Although there are a number of indications that the 
germination requirements of a species may differ markedly 
over its geographical range, there are very little actual 
data to support the thesis. Harper (1965) noted that seed 
of ^  fatua from Finland, Holland, Belgium, France, Germany, 
Russia, Australia, and England has less than nondormant 
seed. Samples of Avena barbata showed several distinct 
patterns of germination depending on the country from 
which the seed originated. Collections from Malta, Crete 
and Italy yielded 5^ % nondormant seeds. Two samples from 
France and Australia were totally nondormant. Some Aus­
tralian samples yielded 2^ % nondormant seeds and other 
samples yielded 100# dormant seed. Unfortunately these data 
were obtained from seeds which were grown in different years 
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In different places. 
Harper (196$) pointed out that It Is striking that stu­
dents of weed "biology In different parts of the world often 
report quite different requirements for germination of seed 
of the same species. Conflicting reports of seed germination 
have been reviewed for Rumex obtuslfollus, and Rumex crlspus 
by Cavers (I963) and by Williams (1962) for Chenopodlum 
album. This disagreement among weed biologists concerning 
germination requirements may well stem from evolutionary di­
vergence In germination requirements. 
In much of the literature of seed dormancy It has been 
assumed that a weed species has a characteristic requirement 
for germination. While this may be true for most crop seed, 
It Is rarely the case In weedy species (Harper, 1965)» 
Harper (I965) In his review of establishment, aggression, 
and cohabitation In weedy species, states that there Is 
growing evidence that germination polymorphisms are frequent­
ly present In weedy species. Variation In the expression of 
seed polymorphisms may be extremely sensitive Indicators of 
evolutionary change taking place within an invading species. 
Weed seeds with a range of different physiological require­
ments for germination also have a range of potential ecologies 
or habitats. 
Samples of seed of Spergula arvensis commonly contain 
both smooth seeds and seeds with tubercles. There is a clearly 
marked dine in the proportions of the two forms across the 
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British Isles (New, 1958)• The two seed forms differ in re­
quirements for germination. Papillate seeds germinate more 
readily than nonpaplllate at 21® C, while the reverse is 
true at 13° C. Kruckeberg (1950) noted significant differ­
ences in percent germination of Gilla capitata seeds from 
different locations. 
A similar observation has been made by Williams (1962) 
working with Chenopodlum album. Williams observed a south­
east to northwest dine in the proportion of reticulate seeds 
in Great Britain. Individuals in the south produced 15-18 
percent smooth seeds, and individuals in the North Wales 
produced 100# smooth seeds. 
The discovery of dines in seed polymorphism in Cheno­
podlum, Spergula. and other species suggests that seed poly­
morphisms may be found in many other weedy species. McMillan 
(1959) observed that in studies with Typha, the southern 
strains germinated at lower temperatures than the northern 
strains. Morley (1958) noted that a number of strains of 
Trlfollum subterraneum from the cool climates had stronger 
dormancies than strains from warmer climates. 
Adaptation to photoperiod and thermoperlod 
Hlesey and Milner (19^ 5) have recently reviewed the 
literature of racial response to photoperlod and temperature, 
and they conclude that there is no doubt that ecological races 
differ in photoperiodic responses. This phenomenon was first 
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demonstrated by the work of Olmsted (1944). Regional differ­
entiation in photoperiodic responses of several species has 
been reported by many authors (Larsen, 19^ 7; McMillan, 1956; 
1959; 1964; 1965). McMillan (1956) took clones of five 
grasses from widely separated geographic locations in Ne­
braska and grew them in a uniform garden in Lincoln, Nebraska. 
The western forms were the earliest-flowering and the eastern 
forms invariably flowered latest in the tests. (Die early 
flowering of the western forms appears to be correlated 
with early onset of the dry season in the west and also with 
early fall frosts. îhis relatively severe environment has 
selected out the faster^ growing and earlier-flowering indi­
vidual from the genetic pool of each species, while the long 
growing season in the east has favored the more slowly grow­
ing forms. He slop-Harrison (1964) noted that in Phalaris 
tuberosa there was a high inverse correlation (r = -0.95) 
between the duration of the cold treatment required for full 
flower induction and the average temperature of the coldest 
month in the locality of origin. 
Photoperiodic responses of Chenopodium quinoa and Amaran-
thus caudatus have been studied by Puller (19^ 9) and reex­
amined by Zabka (I96I). Davidson (I965) observed that flower 
initiation in populations of plants of Froelichia floridana, 
an annual species in Amaranthaceae from Iowa and Texas, is 
promoted by short-day photoperiods and retarded by long-day 
photoperiods. However, the degree of long-day retardation 
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was less for norttiern tiian for southern plants. In contrast, 
Allard and Gamer (1940) reported that photoperiodic re­
sponses in Amaranthus species were indeterminate, although 
no attempt was made to compare ecological races* Davidson 
(1965) stated that to the north of the present distribution 
of Froelichia floridanus the seleotive pressure associated 
with the photo period and length of growing season is too 
demanding to have been overcome by the narrow limits of the 
current gene pool. 
Bivironmental Preconditioning with Special 
Reference to Weed Seed Soxmancy and Gexmination 
Many workers have noted marked variation in the germina­
tion and doimancy of seeds of the same variety collected in 
different localities during one growing season, or in the 
same locality In different years (LaCroix, I96I; Haasis 
and Thrupp, I93I; Blbbey, 1948; Crocker and Barton, 1957; 
Delouche, I958; Enileev and Solov'ev, I96O; Dexter, 1955; 
Barton, I962; Harrington, 1923). Some of these workers as 
well as others, including Barton (1962) and Williams ( 1962) 
have noticed visible morphological differences in the seeds 
of a given variety of plant growing in different environments, 
or in comparing seeds maturing in long Indeterminate inflor­
escences. 
The question of the existence and importance of environ­
mental preconditioning or physiological predetermination has 
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been discussed by Amen (I963), Bowe (1964), Currant (I962), 
Highkin (1958), Went (1959). Evans (I963), Kldd and West 
(1918, 1919), Roller (1962), Vegls (I963), and Langrldge 
(1963)4 
Actual experimental work on the subject of environmental 
preconditioning of seeds and especially weed seeds is very 
limited. Patel (I963) studied the effect of fertilization 
and soil moisture supplied to plants of Bromus ineimis 
during the growing season on the gemination of the result­
ing seeds* In every test the rate and total germination of 
the seeds produced by the plants fertilized with nitrogen 
were lower than those of the control treatments. The results 
of supplemental watering indicated that the effect may be 
due to a greater deficiency in water during seed development 
on nitrogen fertilized plots than unfertilized plots. 
Morley (1958) studied the inheritance and ecological 
significance of seed dormancy in subterranean clover. He 
reported that dormancy in this seed is influenced by the en­
vironment of the maternal parent. Ihe author also concluded 
that the types of dozmancies of various varieties collected 
from diverse geographical areas were ecologically adapted to 
the prevailing environment of the original habitat. 
LaCroiz (I96I) showed that photoperiod was not important 
in the development of dormeùicy in Setaria lutescens. However, 
the author did not investigate other factors of the environ­
ment, such as soil moisture and soil fertility. Chippendale 
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(1949) concluded that the reaction of a grass to environmen­
tal factors during germination depends both upon the strain 
of the species and upon the conditions under which the seed 
was grown and ripened. Kbblova (196g) observed differences 
In the percent of dozmant seed In Amaranthus collections from 
different parts of Russia. She attributed part of this vari­
ation to envlrormentàl preconditioning and part of It to 
ecotyplc differentiation. Durrant (I962) stated that* 
...heritable changes have been Induced In a flax 
variety by growing the parent plants In different com­
binations of fertilizer trealaaents. A plastic type 
Is defined which Is changed into a larger form, de­
pending on the fertilizer applied. Both the large and 
%ie small forms are stable and have r@nalned unchanged 
for generations under the conditions of these ex­
periments..  
Steams (i960), Langridge (I963), Went (1959) and others have 
also studied the possibility of environmental preoonditloning. 
Hlghkln (1953) in a discussion of the genetic basis of 
climatic response stated that the "start" program for each 
generation may vary with the nature of previous environ­
mental experiences. Hhe gametes forming the genetic bridge 
between one generation and the next are not transferred in the 
absence of cytoplasm, and the nature of the cytoplasm is 
certainly affected by the environment in which it Is growing. 
In other words, effects of the environment of previous gene­
rations may be expressed in the current generation, not 
necessarily through the environmentally Induced changes in 
the genes themselves, but rather through changes in the 
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pattern of the "start" program for growth and differentia­
tion; aiyder and David (1957) have discussed advances in 
the understanding of cytoplasmic inheritance in recent 
years. 
Vegis (I96&) in his discussion of climatic control of 
geimlnation, bud break, and dormancy states1 "as yet our 
minds are conditioned to regard 'genetic* and • environmen­
tal* pathways as distinct smd, in a mechanistic sense, 
unrelated." 
Cavers (1963) has examined the geimlnation requirements 
of seeds of both Inland and maritime forms of Humei crispus 
and H. obtuslfollus. Differences in the behavior of seed 
borne on different parts of the plant or of different ages 
and degrees of ripeness were very much smaller than inter-
plant differences. 
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METHODS AND MATERIALS 
Morphological and physiological variation in plant 
species may arise from three principal sources: 1. the 
direct plastic modification of individuals or environmental 
preconditioning; 2. genetical divergence in consequence to 
selection, and 3. genetical divergence resulting from drift 
in small populations, or the establishment of deviating 
colonies from small numbers of founders. The major objective 
of genecological investigations is to distinguish and study 
variation arising from genetical divergence in consequence to 
selection. However, in this study the major objective is to 
describe genetically based variation, therefore, both the 2nd 
and 3rd sources of variation are of interest. In order to ob­
serve variation in several species of Amaranthus, many seed 
collections were obtained and grown in a uniform test plot. 
Seeds of Amaranthus retroflexus were requested from 40 
states and Canadian seed laboratories and many foreign 
botanical gardens and herbaria. "Rie number of seeds received 
from each laboratory varied from 0 to thousands of seeds. 
Many seed analysts pointed out that Amaranthus species are 
practically Indistinguishable on the basis of seed morphology; 
as a result many species were received in these seed samples. 
Seeds of Amaranthus powellii, A. hybrldus and ^  retroflexus 
(Figure 1) were obtained from a number of states. The origin 
of each collection is shown in Tables 4, 5> 6 and 7 of the 
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Appendix. 
The seeds were planted In sterilized soil on April 15» 
1965, In 2 1/2 Inch "Jiffy Pots* In a greenhouse under a 16-
hour photoperlod. The seedlings were maintained under a 16-
hour photoperlod until June 5» 1965, at which time seedlings 
(4-6 leaf stage) were planted at the Iowa State University 
Horticulture Paim# Œhe rows were spaced 6 feet apart and 
the plants were spaced 2 feet apart within each row. The 
planting was a completely randomized design and replications 
for each geographical location varied from 1 to 10 plants 
depending upon tiie number of seeds available* Most locations 
were represented by three plants. Figure 2 gives an over 
all view of the experimental area. 
Because the plot area was contaminated with indigenous 
Amaranthus seeds, precautions had to be taken to maintain the 
identity of the planted seedlings. Each plant was carefully 
labeled and each pot was surrounded by a two inch layer of 
"perllte" extending 3-4 inches from the pot; The area was 
then hand weeded at weekly intervals. 
Fissure 1. The three species studied, from left to right, 
Amaranthus retroflezas. A. powellii. and A. 
hybridns^  
I 
Figure 2. Over-all view of experimental plot 
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RESPONSE TO PHOTOPERIOD 
Field Studies 
In order to determine If there were any genetically based 
differences between geographic strains In response to photo-
period, the date of flowering was recorded as the plants 
flowered while growing in a uniform test area# 
Observations 
The date of flowering was recorded for each plant when 
the floral prlmordia was macroscopically visible, Ohe date 
of flowering is given for ^  retroflexus» A> hybrldus* and 
A. powéllii in Tables 4* 5» and 6 respectively in the Appendix, 
in relation to several climatic averages. Table 7 lists 
dates of flowering for European collections; The climatic 
data was obtained from "Climates of the States** (1959)# A 
weather station near each collection site provided the data 
on mean date of the first fall frost, mean length of the frost 
free season, and the mean summer taaperature. Photoperiodic 
response in the field is shown in Figures 3 and 4. %e vari­
ation in daylength at various latitudes is shown in Figure 5* 
Dates of flowering and average length of the frost free 
season are compared for some of the U.S. and Canadian collec­
tions of Amaranthus retroflezus in Figure 6, for Iowa in Fig­
ure 7, and for Illinois in Figure 8. Dates of flowering are 
compared with frost free season for some of the United States 
Figure 3. Effect of photoperiod on flowering of ^  retro-
flexus from two sources, Canada (left) and Holland 
{center), and ^  hybridus from Illinois (right) 
(photographed July 10, 1965) 
Figure 4. Effect of photoperiod on the flowering of ^  retro-
flexus from Stutsman, North Dakota (left). Bur-
leigh; North Dakota (center), and Hblstein, Iowa 
(right)(photographed July 10, I965) 
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Figure 5* Variation in photoperiod with latitude and time 
of the year (after Leopold, 1964) 
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Figure 6. Flowering dates and isolines of the average length 
of the frost free season for U.S. and Canadian col­
lections of Amaranthus retroflezus grown at Ames 
(indicated by triangle), Iowa, during 1965* Sub­
script letters indicate the number of plants ob­
served for each location, a = 1 ••• d = 4 
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Figure ?. Flowering dates and isolines of the average 
length of the frost free season for Iowa collec­
tions of Amaranthus retroflexus grown at Ames, 
Iowa, during 1965» Subscript letters indicate 
the number of plants observed for each location, 
a = 1 ••• d = 4 
Figure 8. Flowering dates and isolines of the average 
length of the frost free season for Illinois 
collections of Maranthus retroflexus grown at 
Ames, Iowa, during 1965* Subscript letters in­
dicate the number of plants observed for each 
location, a = 1 ... d = 4 
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collections of ^  hybridua in Figure 9, and for lowa and 
Illinois collections, respectively in Figures 10 and 11. 
A multiple regression was calculated for date of flower^  
ing, latitude, first fall frost, frost free season and aver­
age summer temperature of ^  hybridus and ^  retroflexus* 
For ^  hybridus. the correlation between date of flowering 
and latitude was significant at the 1 percent level. See 
Table 13 of the Appendix. All collections of ^  hybridus are 
from the mid-continental area of the United States, except 
for two collections from Virginia. For ^  retroflexus. the 
correlation date of flowering and latitude approached signifi­
cance at the 5 percent level. When the collections from the 
Bo (dry Mountain states were removed from the regression, the 
correlation between date of flowering and latitude was 
significant at the 1 percent level. Diere appears to be two 
reasons for tiiis change in significance: 1. In the Bocky 
Mountain area the nearest weather station to the collection 
site is often at a different altitude. In the mountainous 
areas flowering appears to be a function of altitude rather 
than latitude. 2. In the mountainous areas there is little 
correlation between latitude and first fall frost or last 
spring frost. 
For both ^  hybridus and ^  retroflexus the correlation 
between date of flowering and first fall frost gave the second 
best measure of fitness, althou^  it was not statistically 
Figure 9* Flowering dates and isolines of the average length 
of the frost free season for collections of Amar-
anthus hybridus grown at Ames (indicated by tri-
angle), lowa, during 1965. Subscript letters in­
dicate the number of plants observed for each 
location, a = 1 ... d = 4 
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•AUG 2 
Figure 10. Flowering dates and Isolines of the average 
length of the frost free season for Iowa col­
lections of AmaTOnthus hybridus grown at Ames, 
Iowa, during 1965. Subscript letters indicate 
the number of plants observed for each loca­
tion, a = 1 ... d = 4 
Figure 11. Flowering dates and isolines of the average 
length of the frost free season for Illinois 
collections of Maranthus hybridus grown at 
Ames, Iowa, during 1965. Subscript letters 
indicate the number of plants observed for 
each location, a = 1 ... d = 4 
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significant at the 5 percent level. 
Discussion 
McMillan (1965%), Olmsted (19#-) and other workers have 
shown early flowering in prairie community transplants of 
northern origin and late flowering in those of southern 
origin when grown in a garden. McMillan has further noted 
that the ecological variation resulting from natural selec­
tion included early maturity within montane populations. 
Similar effects of the climate on the date of flowering of 
the Amaranthus collections of the montane regions, the 
coastal regions and the Lake Michigan region were observed in 
these studies as evidenced in Figures 6 and 9» Collections 
from coastal regions emd Lake Michigan regions exhibited a 
later maturity date thsm did mid-continent collections from 
the same latitude. 
A flowering gradient or dine extending from Canada to 
Kansas was observed for collections of ^  retroflexus, from 
Iowa to Louisiana for ^  hybrldus, and from northern Idaho to 
Iowa for ^  powellli. On the basis of these observations it 
is hypothesized that the first fall frost is an Important 
factor of the environment acting upon the genetic variability 
controlling the photoperlod response mechanism in Amaranthus. 
A population is maintained which Isa compromise between 
large, late flowering plants capable of producing many seeds 
and smaller plants which generally produce some seeds before 
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frost. In those regions where the growing season Is ex­
tended because of large bodies of water, the compromise al­
lows a later date of floral Induction. Eeslop-Harrlson 
(1964) pointed out that one may speak of photoperiodic or 
theimoperlodlc races or ecotypes but the adaptation Is not 
to the photoperlod or thezmoperlod In the sense that these 
factors are themselves selective; It Is that adaptation to 
local climate has been achieved by the modification of photo­
periodic or theimoperlodlc reactions. 
Within any given location where all three species were 
present, the general order of flowering was as follows* A. 
powellll. A. retroflexas and hybrldus. Ifougarede et al. 
(1965) considered jflu retroflerus to be a quantitative photo­
periodic plant rather than an Indeterminate plant as described 
by Allard and Gamer (1940). This study Indicates that the 
northern collections of ^  retroflexus and ^  hybrldus are 
quantitative photoperiodic plants, although plants grown from 
seeds collected In Louisiana were unable to flower before 
frost In Iowa. 
Davidson (I965) stated that one may suspect that to the 
north of the present distribution of Froellchla florldanus 
the selective pressure associated with photoperlod and length 
of growing season Is too demanding to have been overcome by 
the narrow limits of the current gene pool, fflils would ap­
pear to apply to the Information presented In this study on 
the northern range of ^  hybrldus which appears to be present­
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ly limited at the latitude of northern Iowa. 
Itesplte the continual mixing of genotypes of these weed 
populations by agricultural practices and seed introductions» 
it appears that these three species have evolved genetically 
adapted populations in response to different environments 
throughout their ranges. 
Growth Chamber Studies 
In order to verify the dine in date of flowering ob­
served in the .field, a portion of the experiment was repeated 
in a Perd val growth chamber. The growth chamber controls 
were set to provide a 16 hour photoperiod with a 75® P. day 
temperature and a 65® P. night temperature. Seeds of A. 
retroflexus. A. hybrldus and A. powellii were sown in 6 inch 
pots of soil and seedlings were thinned to 3 plants per pot. 
When all seedlings had reached a height of about 10 cm. (6-6 
leaves) thé annual changes in day length between June 10 and 
September 10 at a latitude of 42.00 degrees was duplicated by 
changing the day length by 15 minute intervals every two days. 
Figure 5 shows the annual change in day length at several 
latitudes. 
The order of flowering as observed in these experiments 
for ^  retroflexus for the collection sites used were as 
follows* 1. Saskatoon, Saskatchewan; 2. Winnepeg, Manitoba; 
3. Hontrail Co., North Dakota; 4. Mcintosh Co., North Dakota; 
and Gallain Co., Montana; 5* Bnmet Co., Iowa; 6. Story Co., 
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Iowa; 7. Bond Co., Illinois} 8. Coffey Co., Kansas; 9* 
Wilson Co., Kansas; and Delaware Co., Oklahoma. 
The order of flowering for ^  hybridus was: 1. Story 
Co., Iowa; 2. St. Charles Co., Missouri; 3* Davidson Co., 
Tennessee. The sequence of flowering for powellii was* 
1. Chittenden Co., Vermont; Waukesha Co., Wisconsin; 2. 
Qmnet Co., Iowa; Audubon Co., Iowa; Story Co., Iowa; Jefferson 
Co., Wisconsin. There were not the marked differences in the 
date of flowering of ^  powellii that were evident in the 
other two species. These data essentially duplicate the 
order of flowering observed under field conditions. 
An attempt was made to demonstrate differences in re­
sponse to photoperiod within a single Iowa county. Stanwood, 
Iowa, is located 8 miles due north of Tipton, Iowa, in Linn 
Co. The U.S. Weather Bureau publication, "Climate of the 
States" (1959)» indicated that Tipton, Iowa, has a signifi­
cantly longer frost free season than Stanwood, Iowa. It was 
hypothesized that pigweed populations from Tipton would 
flower at a later date than would Stanwood populations when 
grown under the same photoperiod. 
Soil samples were collected from fields at Tipton and 
Stanwood, Iowa. The seeds in the soil were allowed to ger­
minate and grow under a 16 hour photoperiod. When the seed­
lings had reached the 6-8 leaf stage they were placed under 
the same photoperiod sequence as was described in the pre­
ceding experiment. Tlie dates of flowering for each popula­
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tion are shown in Table 1. 
Table 1, Dates of flowering in a growth chamber for two 
populations of Amaranthus retroflexus 
Stanwood population 
February 24 
27, 27 
28, 28, 28, 28, 28 
March 1 
3 
February 28 Mean date 
Tipton population 
February 28 
March 1 
2 
3, 3, 3 
4, 4, 4 
5 
March 3 Mean date 
There was a significant difference at the level in 
the mean date of flowering between these two populations. 
These data demonstrate the within population variance. It 
also indicates that if the selection pressure is strong 
enou^ , genetic based differences in response to photoperiod 
can be demonstrated between populations originating within a 
few miles of each other. In England, many workers have de­
monstrated adaptive physiological differences between popu­
lations growing within a few feet of one another (Heslop-
Harrison, 1964). 
62 
SEED STUDIES 
Seed Weight 
On October 1» I965 the seeds from all of the plants In 
the experimental garden were harvested. Bie seeds were 
stored In a 10® C. refrigerator except for a few hours while 
the seeds were cleaned and counted Into lots of 100 seeds. 
On October 10, seeds of ^  retroflexus. A. hybrldus and A. 
powellll were dried at a temperature of 50® C. for 24 hours. 
Three lots of 100 seeds each were weighed. See Tables 7> 8, 
9 and 10 of the Appendix. 
Figures 12 and I3 show the geographical trends in seed 
weight, for ^  retroflexus and ^  hybrldus, respectively. A 
linear regression was calculated for seed weight on latitude 
for each species^  See Table 13 and Figure 30 of the Appendix. 
Collections from the montane regions of the western United 
States were not Included in this regression. The correlation 
between seed weight and latitude was significant at the 1 
percent level for both ^  retroflexus and ^  hybrldus; How­
ever, weights for collections of ^  hybrldus from south 
Arkansas, Texas and Louisiana are based on greenhouse grown 
plants. Plants from these southern states remained vegetative 
under field conditions at Ames, Iowa. 
Seed weights for ^  powellll are given in Table 10 of the 
Appendix. In the central United States there appears to be 
some correlation between latitude and seed weight. This was 
Figure 12. Dry weight of seeds of Amaranthus retroflexus oolleotlons, 
expressed In milligrams per 10Ô seeds'* Counts based on an 
average of 300 seeds. Seeds collected October 1, I963. 
Circled numbers Indicate that only the state in which the 
seed was collected is known. 
AMARANTHUS RETROFLËXUS 
ALASKA 
a\ 
Figure I3i Dry weight of seeds of Amaranthus hybridus collections, 
expressed in milligrams per ioo seeds. Counts based on 
an average of 300 seeds* All seeds except the central 
Arkansas, Louisiana and Texas seeds collected on 
October 1, 1965 
373235^) 33 
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not tested statistically because of the limited number of 
samples. The average seed weight for sdl collections of A. 
retroflexusi A', hybrldus and ^  powellll was 35*5» 3^ *5 and 
43.6 mg./lOO seeds, respectively; ïhere was not a significant 
difference between the weight of the seeds of ^  retroflexus 
and Ju hybrldus!  ^powellll seeds were significantly heavier 
than el&her of the other two species. 
Harper (I965) has discussed similar cllnes In seed size 
In Europe. He considered that seed polymorphisms had great 
ecological significance. Black (1957f 1958» I960, 1961) has 
pointed out the competitive advantages of larger seeds. It 
Is possible that under shorter growing season and broadcast 
crops of Canada and northern Europe, larger seeds with more 
stored food have a selective advantage. On the other hand 
seed size may not have any adaptive advantage In this case, 
but may be genetically linked with some other character which 
does have a selective advantage. (Die second Interpretation 
seems unlikely, however, since all three species seem to show 
a cllne In seed weight which Is correlated with latitude. 
Stebblns (1965) and Harper (19^ 5) have noted that selec­
tion for Increased seed size Is accompanied by a certain dis­
advantage In dlspersablllty. ïhese authors consider that 
seed size may represent some type of a compromise between the 
desirable characteristics of large seed size and small seed 
size. 
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Seed Geiminatlon at 20° C. 
Seeds of Amaranthus retroflérus and ^  hybridus grown 
at Ames, Iowa were germinated at 20° C; imder 9 hours of light 
and 15 hours of daik. Tables 8 and 9 of the Appendix show 
percent germination of ^  retroflérus and Ai hybridus. respec­
tively, Seed geimination appears to be directly correlated 
with latitude in retroflexus (Figure 14). In ^  hybridus 
there is no evident geographical patterning of germination 
except that the highest germination percentages are found in 
the southeastern states rather than the northern states. 
USiis is the opposite effect from what was observed with A. 
retroflexus and it may have evolutionary and physiological 
significance since A^  hybridus has invaded North America 
from the tropical America.  ^retroflexus does not grow in 
the tropics and probably is native to the northeastern United 
States or Canada ( %cker and Sauer» 1958)# 
A linear regression was determined for seed germination 
on latitude for both species. Collections from the montane 
regions of the western United States were not included in 
the regression analysis. Ihere was a significant correlation 
at the 1 percent level between percent germination at 20° C. 
and latitude for ^  retroflexus. The regression was not sig­
nificant for ^  hybridus. See Figure 13 of the Appendix. (Die 
variation in percent germination at low temperatures is graph­
ically presented in Figure 15. 
Figure 14* Percent germination of Amaranthue retroflezua collections* 
Counts based on an average of 200 seeds* Seeds collected 
October 1, 1965 and stored at 10° C* until March 5t 1966 
(10 days at 20° C.) 
AMARAWTTHUS RETROFl£XUS 
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figure 15, Germination of Amaranthus retroflezus collections 
on a theimogradlent plate (7 days) (Note higher 
germination at higher températures) 
a. Woodford Go», Illinois 
b, Tama Oo#, Iowa 
0. Woodford Co;, Illinois 
d. Story Oo., Iowa 
e* Mcintosh Oo., North Dakota 
f, Story Co., Iowa 
g, Mlnto, Manitoba 
h, Shelby Co,, Iowa 
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There appeared to be a correlation between seed weight 
and percent germination for both species. Œhis correlation 
was not tested statistically, however. 
Table 7 of the Appendix shows geimination at 20° C. for 
European collections of ^  retroflexus. The same type of a 
north to south dine is present for seed weight and percent 
germination at 20° C. 
There are several possible interpretations of these data 
just as there were concerning the seed weight results. The 
growing season in the north and in the montane regions is much 
shorter than in the south. Possibly selection pressures of 
a shorter growing season and a different cropping system 
favor earlier germinating strains of ^  retroflexus. Annual 
plants in Canada and neighboring states must germinate, flower 
and produce seeds in less than 100 days. At each latitude it 
would seem that annual species must reach a "compromise" be­
tween late germinating, fewer seeded plants, which are not 
subject to spring frosts, and earlier germinating plants, 
producing more seeds, but subject to spring frost damage. 
Another possible interpretation for the Aj, retroflexus 
data is that in Canada and the most northern states there is 
seldom enough warm weather left after seeds are matured for 
the seeds to germinate immediately. In Iowa and more southern 
states some seeds fall to the ground in late August and 
early September when it is still warm enough for these seeds 
to germinate, if there is no dormancy to prevent this ger­
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mination, Morley (1958) has observed that dormancy In sub­
terranean clover seed is correlated with climate. This second 
hypothesis is supported by the fact that in the experimental 
garden at Ames, large numbers of seeds germinated beneath 
the Canadian and North Dakota plants in early October. These 
were killed by frost. Very few seedlings were observed be­
neath plants originating from more southern states even 
though they had shed many seeds. 
In ^  retroflexus germination at 20° C. increased an 
average of about 10 percent after being stored at 10® C. for 
3.5 months. Within the same states ^  hybridus had an aver­
age higher percent germination than did ^  retroflexus. Pos­
sibly there is some relation between this observation and 
the fact that ^  hybridus has moved northward from the tropics 
while ^  retroflexus has probably migrated southward (Tucker 
I 
and Sauer, 1958)* McMillan has noted that in Pinus the south-
em strains germinated at lower temperatures than the northern 
strains. 
Ihis study illustrates that there are genetic based 
differences between Amaranthus strains in ability to gemi­
nate at lower temperatures. Smith and Millet (1964) observed 
marked genetic based differences in tomato varieties in 
ability to germinate at lower temperatures. 
M^cMillan, Calvin. Austin, Texas. Ecotypic differ­
entiation in Amaranthus. Private communication. I965. 
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Seed Germination at 35° C. 
Figure 16 Illustrates the geographical variability in 
A. retroflexus seeds grown at Ames, Iowa and germinated at 
35® C. There was no geographical pattern apparent In either 
North American or EXiropean collections. The majority of 
the collections averaged about 85 percent germination but 
several of the collections had only 50 percent germination. 
These seeds were viable but dormant. When the seeds were 
treated with acid much higher germination percentages were 
obtained. After the seeds were stored for three months the 
germination percentage Increased 5 to 10 percent. 
Œhe most significant fact about this physiological vari­
ability is that students of weed biology in different parts 
of the world often report quite different requirements for 
germination of seeds of the same species (Harper, I965). 
Harper considers that the assumption that a weed species has 
a characteristic requirement for germination Is false. 
Tables 7» 8, 9 and 10 of the Appendix show the percent 
germination for all collections of ^  retroflexus, A. hybrldus 
and ^  powellll, A, hybrldus collections showed the same 
range of physiological variability as did ^  retroflexus. 
There was no geographical pattern evident in the germination 
percentages in this species either. Some of the collections 
of ^  hybrldus. which had been stored for one month at 10® C., 
had a germination percentage of only 40 percent. Average 
Figure 16# Percent germination of Amaranthus retroflexus collections. 
Counts based on an average of ioo seeds* Seeds collected 
October 1, 19^ 5 and stored at 10® Co until November 21, 
1965 (10 days at 35® C.) 
AMARANTWUS RETRQFLEXUS 
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germination was aTwut 85 percent. Average percent germina­
tion increased after three months of storage at 10® C. 
There was a significant difference between the average 
germination of ^  powellii and either of the other two 
species when germinated at 35° C.  ^powellii exhibits a 
very strong dormancy throughout its whole range. 
Several possible hypotheses might be put forward to ex­
plain the physiological variability observed; for example: 
1. There is the possibility that the collections with low 
germination percentages represent a sampling error and if a 
larger sample had been used a different result would have 
been observed. 2. This data might be a result of the Sewall-
Wright effect or founder principal. In small populations, 
non-adaptive differences can become established through chance 
association with adaptive characters. If the population 
later increased in size, the difference can be maintained. 
3. ïïie difference may represent two alternative and equiv­
alent ways of adapting to the same environmental factor or 
factors. 4. Erratic or discontinuous germination may be ad­
vantageous for survival under repeated cultivation of row 
crops, whereas a precise germination time may be adaptive to 
a weed in grain fields. Harper (I965) has pointed out that 
germination requirements may vary greatly in different strains 
of a single weed. 
One of the strong selection pressures acting upon the 
genes controlling germination response is the type of culti­
79 
vation practiced on a given field. Where crops are not ro­
tated this selection pressure is constant from year to year, 
but when crop rotation and crop cultivation methods are 
varied on the same field from year to year there is dis­
ruptive selection. Adjacent fields may vary in many environ­
mental factors besides just having different crops on them; 
fertilizer, insecticides, and herbicides all directly or in­
directly affect the selection pressures acting upon a weed 
population from generation to generation. Thus one might ex­
pect to find different physiological races of a weed species 
in adjacent fields, if these fields have had different cul­
tural histories. 
Salt Tolerance of Seed 
Figure 17 shows the average percent germination of A. 
retroflezus seeds on a blotter substrate saturated with a 
12.5 atmospheric solution of NaCl. Highest germination per­
centages are in states with known alkali soils, i.e., western 
Kansas and Nebraska. Within the state of Iowa seeds from three 
counties show tolerance to sodium chloride. Ida Co. with 7 per­
cent and Shelby Co. with 30 percent are close to Woodbury Co. 
and ffonona Co. which have the only known alkali soils in the 
state. Ihe Boone Co. collection originated from near a peat 
bog. Stevenson (1915) and Stevenson et al. (1930) have pointed 
out that near poorly drained areas, such as peat bogs, high con­
centrations of NaCl are often found. Tables 7 and 8 of the 
Figure 17; Percent germination of Amaranthus retroflexus collections 
on a substrate saturated with a 12*5 atmospheric solution 
of NaCl. Cotmts based on an average of 200 seeds; Seeds 
collected October 1, 19^ 5 and stored at 10® C» until 
March 15. 1966 (10 days at 35® Ot) 
AMARANTHUS RETROFLEXUS 
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Appendix show the within population variation for many North 
Amerloan and European collections. Collections from Holland 
showed the highest tolerance for NaCl of all the European 
collections. 
îhese data indicate that there has been natural selec­
tion for tolerance to NaCl in ^  retroflexus populations 
near alkali type soils. McMillan (1958)» Longenecker (1965) 
and Uhvlts (1939) all observed tolerance to NaCl in certain 
strains of Typha, cotton and alfalfa, respectively. 
Tolerance to Low Oxygen Concentrations 
Sells (1965) used an aneroblc germinater, manufactured 
by the National Scientific Co., to study the effect of oxygen 
and carbon dioxide ratios on the germination of several weed 
species. Using Sells* technique and his equipment, with one 
modification, the following preliminary experiment was run. 
Since Amaranthus seeds are very sensitive to light two 
florescent lights were beamed into each germinator. Lots of 
100 seeds of ^  retroflexus were placed in three separate 
geiminators and the percent germination was tested with 10 
percent oxygen, 2 percent carbon dioxide and 88 percent ni­
trogen. Preliminary screening tests showed that seeds of 
Amaranthus could tolerate up to I5 percent carbon dioxide as 
long as 20 percent oxygen was maintained (Table 2). 
While this is a very small sample for each of these 
species, several tentative conclusions may be drawn. First, 
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the same trend of a higher percent germination in ttie northern 
states and Canada is seen for ^  retroflexas as was observed 
for seed weight and ability to germinate at 20® C. No such 
trend is evident in the data for ^  hybridus. Secondly there 
appears to be a marked difference between these species in 
their ability to geminate under low oxygen conditions» A> 
hybridus originated in the tropics.  ^retroflexus probably 
originated in the northwestern U.S.; it is characteristically 
a weed of rich, well drained soils in climates that do not 
have excessive rainfall. 
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Table 2, Germination of 4j. retro fieras and hybridus after 
one week at 35® C. in an anerobic geimlnator with 
an alaaosphere of 10 percent oxygen, 3 percent 
carbon dioxide and 8? percent nitrogen. Seeds 
collected October 1 and stored at 10® C. until 
March 15. 
Collection Collection 
site number 
Rep. 1 2 3 Average Average 
for site 
A. retrofleius 
Minto, 
Manitoba 
288 
289 
297 
6 
37 
35 
10 
36 
8 
33 
33 
8 
35 
35 26 
Bozman, 
Montana 
211 
212 
225.5 
36 
39 
82 : 36 82 83 52 
Sauk, 
Wisconsin 
282 
283 
1 
0 
0 
0 
0 
0 
0 
0 0 
Montrail Co., 
North Dakota 
247 22 16 21 20 20 
Adair Co., 
Iowa 
3^  1 4 1 2 2 
Cherokee Co., 
Iowa 
339 3 5 2 3 3 
Bond Co., 
Illinois 
319 
320 
1 
3 
3 
4 
1 
4 
2 
4 3 
A. hybridus 
Washington Co 
Iowa 
00 # 64 
95 
57 
90 
60 
89 
60 
91 76 
Clinton Co., 
Illinois 
538 72 71 67 70 70 
Wabash Co., 
Illinois 
567 30 41 34 35 35 
Bentonville, 
Arkansas 
518 90 88 89 89 89 
Davidson Co., 
Tennessee 
623 60 77 69 69 
-%8" 
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OBSERVATIONS ON DATE OF MATURITY 
There was a great deal of variation in the height, 
shape and date of maturity or mortality of strains of A. 
retroflexus, ^  powellii and ^  hybridus collected from 
various states and counties. Some of this variation is illus­
trated for A. retroflexus in Figures 18, 19, 20 and 21, 
These plants not only varied in the date of flowering but 
also in the date of maturity or mortality. By September 15» 
1965, the leaves of all the plants originating in states 
north of Iowa had abscissed and the stems had lost the chlo­
rophyll. At the same time, plants from about the latitude 
of north Iowa had lost all or most of their leaves but 
still retained green stems. Plants from central Iowa and 
more southern latitudes remained green and continued to grow. 
Although this was the general trend, a few of the plants 
from as far south as central Illinois also lost their leaves 
by this time. 
A. powellii showed the same general trend as ^  retro-
flexus but the collections did not represent as great a lati­
tudinal span; therefore the differences were not as con­
spicuous. Figure 22 illustrates some of the variation in 
size, shape and senescence that occurred in this latter species. 
Hie leaves of ^  hybridus collections from Iowa began abscis-
sing between September 25 and October 1. Collections from 
Arkansas and Louisiana were completely green on these dates. 
Figure 18, Variation in date of maturity of Amaranthus 
retroflerus collections (photographed October 
i, tm— 
a. Top, Pierce Co., North I^ ota 
b# Center, Burliegh Co#, North Dakota 
c. Bottom, Carroll Co., Iowa 
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Figure 19. Amaranthus retroflezus collection from Carrol 
Co., Iowa (photographed October 1, 1965) 
89 
; 
Figure 20. Variation in date of maturity of Amaranthus 
retroflexus collections, from left to right. 
Hayden Prairie, Iowa; Estherville, Iowa; Ames, 
Iowa (photographed October 1, I965) 
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Figure 21, Variation in date of maturity of Amaranthus 
retroflexus collections (photographed October 
1, im) — 
a. Top, Strasburg» Germany 
b. Center, Alsace, Prance 
c« Bottom, Italy 
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Figure 22. Variation In data of maturity of Anaranthus 
¥>wellll collections (photographed October » 1964) 
a. Top, Twin Falls Co., Idaho, leaves mostly 
gone 
b. Bottom, Audubon Co., Iowa, heavily foliated 
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Representative specimens of ^  hybrldus from various states 
are shown In Figure 23, 
Ohere are several possible Interpretations of this 
cllne In the date of maturity and mortality. Langrldge 
(1963) pointed out that the climatic condition that most 
readily causes phenotyplc breakdown and death is high 
temperatures. Plants grown from seed collected in Canada 
and Holland were dead by July 15* Ihe mean summer tempera­
ture in Iowa is much higher than it is in Canada. During 
the winter Canadian plants would remain green for many 
months in a cool greenhouse. 
The deterioration processes which naturally terminate 
the life of a plant are collectively called senescence. Leo­
pold (196^ ) pointed out that the photosynthetic deterior­
ation of leaves during the autumn before abscission is a 
senescence phenomenon. The conditions which lead to leaf 
abscission under natural conditions are associated with a 
demobilization and loss of nutrients from leaves. Hydro­
lysis of proteins and carbohydrates is associated with a 
rapid translocation of the hydrolysis products out of the 
seneseing leaf. îhe observed latitudinal dine in the date 
of senescence in each of the species studied possibly repre­
sents an adaptation in the conservation of proteins and 
carbohydrate s. 
Figure 23. Anaranthus hybridus oolleotions, from left to right, 
Pord Oo., Illinois; Rappahannock Go., Virginia; 
Washington Go., Arkansas (photographed October 1, 
1965) 
98 
99 
TRANSPLANT STUDIES 
Amaranthus Retroflexus 
Transplant studies were carried out to test thé sur» 
vlval capacity of northern Amaranthus strains In Louisiana 
and Arkansas. Seedlings grown from seeds originating In 
Saskatoon, Canada, Ames, Iowa, and St. Louis, Missouri were 
started In "Jiffy Pots". Plants of Amaranthus retrofleius 
were transplanted to gardens In Payettevllle, Arkansas, and 
fiobellne, Louisiana, on June 10 and 11, I965. !Ihe following 
September the plants and seeds were collected In Arkansas 
and Louisiana. All plants were dead. %e Canadian plants 
did not produce any seed at either garden site; they appeared 
to have died very soon after they were planted In both loca^  
tlons. CEhe Iowa plants produced about 10 seeds per plant In 
Arkansas but did not produce any seeds In Louisiana. %e 
Missouri plants reached a height of about 5 cm. In Arkansas 
and produced about 50 seeds. In Louisiana, the Missouri 
plants had very weak stems and long Intemodes. Biese plants 
produced less than 50 seeds per plant. 
On May 1, I966 the experiment was slightly modified and 
repeated. This time 200 ^  retrofleius seeds from each lo­
cation were sown In a garden at Qobellne, Louisiana. The 
seedlings were observed and photographed on June 5 ( Figure 
24); Seeds from Canada, Iowa and Missouri had geminated 
but all of the seedlings died before producing viable seeds. 
Figure 24. Growth of Amaranthus retreflexus in a garden in 
Natchitoches Parish, Louisiana* Seed collected 
in Minto, Manitoba (photographed June I5, I966) 
Figure 25, Growth of Amaranthus hybrldus in a garden in 
Natchitoches Parish, Louisiana* Seed collected 
near Natchitoches, Louisiana and Nashville, 
Tennessee (photographed June 15, 1966) 
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Flowers were produced and there were some seed coats formed; 
all of these seeds split in half. 
These data Indicate that northern ^  retroflexus strains 
could neither survive nor reproduce in a north Louisiana 
garden during the 1965 and 1966 growing season, fflie photo-
period in Louisiana in early June is much shorter than it is 
in Iowa or Canada and this would explain the very early 
flowering of the transplants in the Louisiana garden. How­
ever, it does not explain why the plants did not produce any 
viable seeds. Oie same strains of ^  retroflexus always 
produced some seeds when grown in the greenhouse under natural 
winter photoperiods. 
In experiments in a growth chamber during the winter of 
1966 there was a malfunction of one of the exhaust fans. The 
temperature in the growth chamber surpassed 100® F., and many 
of the northern collections of ^  retroflexus exhibited chlo-
rotic leaves and twisted growth during the following days. 
Langridge (1963) and Langridge and Griffing (1959) have re­
ported high-temperature lesions in Arabidopsis after growing 
4-3 races at high temperatures. At the highest temperature, 
five races possessed very abnormal phenotypes including chlo-
rotic leaves, twisted stalks, and suppressed lamina growth. 
Langridge (I963) stated that the climatic condition that most 
readily shows up phenotypic breakdown or temperature lesions 
is high temperatures. At high temperatures only slightly 
above the optimum, growth may become abnormal, because 
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a single reaction becomes limiting. Temperature lesions 
might explain why northern strains of ^  retroflerus did 
not reproduce in Louisiana* 
unfortunately, this does not explain why ^  retroflexus 
is not a weed in the southeastern United States. The species 
Is common in central and soutiiem Texas at latitudes more 
1 
southern than north Louisiana. McMillan has suggested that 
the species might not grow well on highly acid soils typical 
of eastern Texas and much of the southeastern Uhited States. 
Amaranthus ffirbrldus 
A. hybrldus cuttings from Iowa and Missouri were intro­
duced into the Louisiana and Arkansas garden on June 10 and 
11, 1965, When these plants were observed in September the 
plants were all dead. In the Arkansas garden the Iowa plants 
produced no seeds, the Missouri plants produced an average 
of about 20 seeds. In Louisiana, the Iowa plants produced 
no seeds and the Missouri plants produced about 50 seeds. 
Lots of 200 seeds of A. hybrldus were planted in the 
Louisiana garden in Hay of 1966. Seeds from Tennessee, Ar­
kansas said Louisiana were used. All of the seedlings in thé 
garden were alive and growing on June 5» 1966* The Louislana 
plants were the tallest, the Arkansas plants were Inteimediate 
while the Tennessee plants were the shortest (Figure 25). 
M^cMillan, C. Austin, Texas. Distribution of Amaranthus. 
Private communication. I906. 
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Plants from all locations were vegetative on this date. 
Plants from Tennessee and Arkansas showed insect damage 
while plants from Louisiana were not damaged as badly. Ttiis 
preliminary data would indicate that ^  hybridus strains from 
the north can survive and reproduce in Loui siana and Ar­
kansas. Possibly ^  hybridus is more tolerant to high 
temperatures. 
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OBSERVATIONS ON HYBRIDIZATION OP AMARANTHUS SPECIES 
Twelve collections of Amaranthus grown In the unlfoim 
garden at Ames, Iowa appeared to "be Intermediates between 
various species. Jonathan Sauer^  independently designated 
these same plants as hybrids on the basis of tepal and in­
florescence characters. Morphological and physiological data 
for these intermediate plants are shown in Tables 11 and 12 
of the Appendix. The seeds obtained from these plants were 
viable. Figure 26 shows that the plants which appeared to 
be intermediate in tepal and inflorescence characteristics 
were also intermediate in seed weight and percent germination 
in comparison with the parents, figure 27 plots the percent 
germination against seed weight for ^  powellii, A. retro-
flexus« and intermediates between the two which were col­
lected near an apple orchard at Ames, Iowa. The putative 
hybrids also appeared to be intermediate in seed weight and 
percent germination between the two species. 
Several plants were observed in the Ames apple orchard 
which appeared to be hybrids between ^  retroflerus and A. 
powellii. These plants were completely sterile. Murray 
(1940) noted that there was a high degree of sterility in 
hybrids between these species. Figure 28 compares a sterile 
putative P^  hybrid between ^  retroflexus and ^  powellii 
with the typical species growing in the same population. An 
S^auer, Jonathan. Madison, Wisconsin. Identification 
of Amaranthus species. Private communication. I965. 
Figure 26. Average seed weight and percent germination 
(35® C.) of 12 collections of Amaranthus 
from 4 locations* Seed from plants grown at 
Ames, Iowa 
107 
44 . 
43 A , ( . 
42- A 
I/) 41 
q 36 
^35 # P 
^ 34 
33 
32 
31 
30 A| 
D 
10 20 3 0 4 0 5 0 6 0 70 80 90 100 
PERCENT GERMINATION 
• = INTERMEDIATES 
• = A. RETROFLEXUS 
A =  A .  P O W E L L I I  
A: CHITTENDEN CO VERMONT 
B: SAU* CO. WISCONSIN 
C: CALHOUN CO. IOWA 
D: STORY CO IOWA 
Figure 27, Seed weight and percent germination (35 0.) of three 
populations of Amaranthus collected at the Iowa State 
University Horticulture Faxm 
APPLE ORCH/fC JUNIPER 
HERBICIDE 
TRIAL 
SOY BEAN 
F I E L D  
43 aa 
S 
o 
37 # 
E 
^ 35 • 
33 e 
31 
29 
10 20 30 40 50 60 70 60 90 100 
PERCENT GERMINATION 
a = A. POWELL11 
• =INTEMEDIATES 
• =A. RETROFLEXUS 
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Figure 29, Sterile hybrid between ^  retroflexus and A. 
powellll collected In an apple orchard at Ames» 
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ove3>all view of one of the vigorous sterile hybrids is 
shown in Figure 29, 
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ENVIRONMENTAL PRECONDITIONING 
In May, 1965, cuttings of a single plant of Amaranthus 
retroflexus from Jtoes, Iowa, were rooted. At the same time 
seeds were planted from Ames collections of retroflexus. 
On June 1, I965 the seedlings and cuttings were potted in 
soil alone, or 50 percent sand and 50 percent soil. Each 
of these soils were then placed in three treatments; 1. 
a plastic enclosure within a shaded greenhouse under a con­
tinuous mist system; these plants were watered daily and 
the relative humidity approximated 90#« 2. in the same 
greenhouse as treatment no. 1 but not under the mist system; 
these plants were watered every other day or when they 
needed water. 3. in an unshaded greenhouse having a daily 
maximum temperature of 130° P.; these plants were watered 
only when the leaves had reached the point of incipient 
wilting. On July 1, seeds were collected from all plants 
from under all treatments. !5ie seeds were cleaned and ger^  
minated at 35° P. All of the seeds germinated between 95 
and 100 percent. 
®iese data suggest that water stress is not an impor­
tant factor in the preconditioning of ^  retroflexus seeds. 
Many workers including Amen (I963), Bowe (19^ )^, Durrant 
(1962), Kidd and West (1919) have emphasized that variation 
in gezmination and dormancy may be due to environmental pre­
conditioning. Environmental preconditioning has been con-
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sldered to be the cause of much of the variation In germi­
nation and dormancy In seeds collected In different years at 
the same locality® Went (1957) and McWllllams (1965) have 
pointed out that the temperature that prevails during the 
early spring largely determines the species composition of 
the resulting flora. Within a given soil sample there may 
be many different genotypes of a single weed species. Thus 
a cool spring may cause the genotypes with an ability to 
germinate under cool temperatures to predominate. On the 
other hand a warm spring may result In the genotypes that 
germinate fastest under warm conditions to predominate. Thus 
at the same location In two different years one may obtain 
different physiological weed strains due to the prevailing 
tenperature at the time of germination. (Die end result would 
appear to be the resrult of environmental preconditioning, 
but In actuality would be a genetically controlled response. 
The geographic variation of Amaranthus species Is a 
consequence of the geographic variation of the environment. 
A weed species In order to survive must adapt In the differ­
ent parts of Its range to the variation of the local envir­
onment. Every local population is under continuous selection 
pressure for maximal fitness In the particular area where it 
occurs. Weed populations are Influenced by agricultural 
practices, in addition to climate ahd habitat factors. It is 
to be expected that differences in agricultural practices 
will affect the resulting weed populations. 
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DISCUSSION 
The data presented in this study indicate that ecotypic 
differentiation has occurred in ^  retrofleius, A. hybridus, 
and to a lesser extent, in ^  powellii. Most of the variation 
observed appears to be continuous, i.e., clinal rather than 
discontinuous* 
In retroflexus the most northern collections, both 
in North America and Europe, appeared to geminate better 
than southern collections at low temperatures and under low 
oxygen tensions. Northern collections also had the largest 
seeds and were the first plants to flower in the spring and 
to die in the summer. There appeared to be a dine in all 
of the characters mentioned ranging from central or southern 
latitudes to northern latitudes. 
It is hypothesized that there are two primary factors in­
fluencing this morphological and physiological divergence. 
First, in Canada, North Dakota and northern Europe there is 
a very short growing season, often less than 100 days. Bils 
dictates that annual plants growing under these conditions 
must germinate, flower and produce seeds quickly. Second, 
the major crops grown in the northern latitudes are broadcast 
crops such as wheat, flax and alfalfa. Harper (1965) has 
pointed out that under such cropping systems there is a 
strong selection pressure for rapid and uniform gerailnatlon. 
A high tolerance to low oxygen, low temperatures and other 
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environmental extremes would allow many weed seeds in a wide 
variety of microhabitats to germinate. The broadcast crop 
plants, which do not exhibit seed doimancy, germinate quickly 
and uniformly and tend to prevent weed establishment. Weed 
germination is synchronized with the broadcast crop. In more 
southern states such as Iowa, the growing season is much 
longer and the major crops are row crops. Under row crop 
conditions weed survival is favored by erratic germination 
patterns (Harper, I965* Salisbury, I96I). A lack of toler­
ance or variation in toierano® to environmental extremes such 
as low temperatures and low oxygen tensions would insure 
erratic geimination under field conditions. Some weed seeds 
will always be subjected to environmental extremes because of 
the wide variety of microhabitats in a given field. 
When seed collections of ^  retroflexus, A. hybridus 
and ^  powellii were germinated at 35° C. there were no ap­
parent geographical correlations. Seed collections of A. 
retroflexus averaged about 85 percent germination. However, 
6 out of the 60 seed collections resulted in 60 percent or 
less germination. hybridus collections also resulted in 
an overall average percent germination of about 85 percent 
when germinated at 35° C. while 3 out of the 36 collections 
gave 60 percent or less geimination.  ^powellii had a sig­
nificantly deeper dormancy than either of the other species. 
Tucker and Sauer (1958) have hypothesized that A. 
powellii originally inhabited stream banks. Acid scarifica-
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tlon was required In order to break the dormancy of seeds of 
A. powellll collections in the present study. It is possible 
that there is a correlation between the original habitat of 
the species and the degree of dormancy of the seeds. In 
desert species it Is recognized that certain species only 
geminate, under natural conditions, after having been scari­
fied by the churning action of streams. 
If herbarium specimens can be considered an accurate 
measure of the prevalence of a weed species, then powellll 
can be considered a recent introduction to Iowa. Prior to 
1965, there was 1 specimen of ^  powellll from Iowa in ttie 
University of Iowa Herbarium but no Iowa specimens of A. 
powellll in the Iowa State University Herbarium or the U.S. 
National Herbarium. Since I965, collections from 25 Iowa 
counties have been observed. All of the herbaria mentioned 
above contain many Iowa specimens of ^  hybrldus and ^  retro-
fleius. There are several possible explanations for this ap­
parent increased prevalence of ^  powellll in Iowa# 
Many changes have taken place in Iowa farming techniques 
such as the planting of Increased numbers of plants per acre, 
and the application of Increased fertilizer levels* These, 
coupled with the introduction of new weed species, might be 
factors which have allowed ^  powellll to begin to move into 
the state. Slight differences In physiological tolerances 
may give a weed species a strong selective advantage under 
certain conditions. One of the major changes which has oc­
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curred in Iowa fields within the last few years has been an 
increased reliance on more effective herbicides. There is 
the possibility that ^  powellii is more tolerant to herbi­
cides than retroflexus and that smooth pigweed is replacing 
roufi^  pigweed. 
Even if ^  powellii is not more tolerant to herbicides, 
the eztreae dormancy which characterized the germination of 
this species may have an increased selective advantage with 
the advent of more effective herbicides. Usually less than 
30^  of the seeds produced by a given ^  powellii plant ger­
minate the first year after maturation. Bio se seeds that do 
germinate do so erratically. Approximately 90% of the seeds 
of ^  retroflexus will germinate the first year after matura­
tion. Early spring application of herbicides kill many weed 
seedlings in most years. Plants with strong seed dormancies 
may maintain a higher weed seed population in the soil and 
thus respond favorably in wet years.  ^powellii also gene­
rally has larger seeds and longer intemodes than retro­
flexus. These two characteristics may provide increased com­
petitive ability. 
Ihe observation that ^  hybridus is more tolerant to low 
oxygen concentrations than is ^  retroflexus may have import 
tant implications.  ^hybridus also shows a tendency for the 
more soutiiem collections to germinate at a lower temperature 
than the nortiiem collections. This is the opposite effect 
from what was observed in A. retroflexus. It is believed 
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that the two species have had quite different evolutionary 
histories. 
Nougarede et sd. (I965) in their study of the morphology 
of the floral primordia of ^  retroflexus failed to state 
the source of their seed. Apparently they assumed that the 
geographical origin of their material was not important. 
However, their experiments could not be repeated if seeds 
originating in Canada, Iowa or Holland had been used. As 
Billings (I957) and Harper (I965) have pointed out, physio­
logical work on a single strain or local population of a 
species can not be extrapolated and considered typical for 
the whole species. 
Table 3 compares several biological characteristics of 
three species of Amaranthus. This comparison emphasizes that 
the three species have different physiological characteris­
tics and that different physiological characters within a 
species may show discontinuous and discrete variation pat­
terns or continuous and clinal variation. For example, a 
dine in germination response at 20® C. was observed in A. 
retroflexus collections; ^  hybridus and ^  powellii popu­
lations showed a discontinuous variation pattern at this tem­
perature. Within ^  retroflexus there was a discontinuous 
geographical response to NaCl but a clinal photoperiod re­
sponse for collections in the central U.S. and Canada. 
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Table 3. Biological characteristics of three species of 
Amaranthus. 
A« powellii A. hybridus A. retroflexns 
Geim. at 
20° C. 
Gezm. at 
35® C. 
Tolerance 
to NaCl 
low, 
discontinuous 
low 
medium, médium, 
discontinuous, ounal®^  
highest ger­
mination in 
the north 
highest ger­
mination in 
the south 
discontinuous discontinuous 
and variable and variable 
discontinuous 
Tolerance to 
low oxygen 
hi^  low to medium, 
clinal 
Seeds 
weight 
average 
46 mg./lOO 
clinal* 
average 
34.5 mg;/100 
clinal* 
average 
35.5 mg./lOO 
clinal* 
Heat 
tolerance 
low high low to medium 
Response to 
photoperiod 
weakly 
sensitive, 
clinal* 
strong, 
clinal; is 
a factor in 
no jr them 
distribution 
strong, 
clinal* 
Primary 
di stribution 
northwestern 
U.S. 
tropical 
America, 
southeastern 
and south-
central U.S. 
northern U.S, 
and Canada 
Chromo some 34 
number 2N 
Weediness low 
in Iowa 
32 
high in 
southern 
Iowa only 
32 
high 
*Refers to correlation with latitude in the central U.S. 
The character is discontinuous in montane regions. 
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SUMMARY 
1. A gradient or dine in date of flowering was obser­
ved in plants grown from collections extending from Canada 
to Kansas for ^  retrofleius» from Iowa to Louisiana for A. 
hybridust and from northern Idaho to Iowa for ^  powellii. 
Ihe date of flowering progressed from northern to southern 
latitudes except in collections from montane regions which 
were quite variable. 
2. A dine in germination response of ^  retroflexus was 
observed at 20® G. ranging from Canada to the south central 
United States with high germination at more northern lati­
tudes. A similar dine was observed for seed weight and ger­
mination response at low oxygen concentrations. Ability to 
germinate on substrates saturated with 12*5 atmospheric con­
centrations of NaCl was associated with local areas in which 
alkali soils have been described, 
3. No significant correlation between latitude and ger­
mination response at 20® C. was found for ^  hybridus; how­
ever, there was a tendency for more southern collections to 
give higher germination percentages than the northern col­
lections. Thé more southern collections also had a tendency 
to germinate better than the seed collections from northern 
sites when compared under low oxygen concentrations. Seed 
weight decreased from Iowa to Louisiana. Correlation of seed 
weight with latitude was statistically significant. 
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4» No correlation was found between percent germination 
at 35° 0. and latitude In any of the species studied; how­
ever, there was considerable variation In germination re­
sponse for each species* 
5» Seeds of powellll were significantly more dormant 
and heavier than seeds of retroflexus and ^  hybrldus, 
Oîiere was no significant difference In seed weight of Amar-
anthus retroflerus and ^  hybrldus. 
6. Apparent hybrids were Intermediate In seed weight and 
dormancy between their putative parents, powellll and A. 
retroflexus. 
7. ^  hybrldus from Louisiana remained vegetative In 
Iowa and did not produce seeds under field conditions. When 
seeds and seedlings of ^  powellll and ^  retroflexus from 
Iowa and Canada were grown In a Louisiana garden, they failed 
to produce seeds. 
8. An attempt to demonstrate environmental precondi­
tioning of germination and dormancy of seeds of ^  retroflexus 
was unsuccessful. 
9. Despite the continual mixing of genotypes of these 
weed populations by agricultural practices and seed intro­
ductions, It was concluded that these three annual species 
have evolved genetically adapted populations In response to 
different environments throughout their range. 
10. Ohe data:presented In this study supports the view 
that a weed species Is a complex of many ecological races 
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each made up of somewhat variable local populations* Eco­
logical or physiological work on a single strain or local 
population of a species cannot be extrapolated and considered 
as typical for the whole species. 
11. In these species ecotypic variation can apparently 
be shown with regard to nearly any factor of the environment 
by screening population samples throu^  a "physio-ecological 
sieve". ®ie tolerance range ecology of a weed species is 
important in demonstrating local population adaptations and 
in governing the potential geographic range of the species. 
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APPENDIX 
Table 4. Dates of flowering for Amaranthus retrofleyts collections grown at Ames, 
Iowa and the latitude, first fall frost and frost free season recorded by 
the weather station closest to the seed collection sites 
State County 
City 
Mean 
Flowering Date Station 
First Frost 
Latitude Fall Frost Free Days 
Canadian Sites 
Saskatchewan 
Saskatoon 6-1^  
Nipawin 6-10^  
Manitoba 
Minto 6-i2ç 
Winnipeg 6-15^  
Northwestern Sites 
Idaho 
Latah Co. 7-03^  
Montana 
Gallatin Co. 
Bozeman 6-20^  
Oregon 
Marion Co• 
Silverton 7-15^  
Klamath Co. 
Klamath Falls 7-11% 
North Central Sites 
North Dakota 
Saskatoon 
Prince Albert 
Towner, N.D. 
Winnipeg 
Caldwell 
Bo iceman 
Salem WB AP 
Salem WB AP 
52,08 
53.10 
46.21 
49.54 
43.38 
45.40 
44.57 
42.13 
9-13 
9-07 
9-11 
9-18 
9-24 
9-12 
10-27 
9-25 
112 
103 
109 
112 
139 
107 
197 
126 
Table 4. (Continued) 
State County Mean 
City Flowering Date 
Cass Co. 6-30g^  
Burleigh Co. 6-20^  
Mcintosh Co. 6-28^  
Montrai 1 Co. 6-18. 
Pierce Co. 6-20^  
Stutsman Co. 6-25^  ^
South Dakota 
Day Co. 
Bristol 6-24 a 
Nebraska 
Lincoln Go. 
North Platte 6-30 
Minnesota 
Kandiyohi Co. 
Lake Lillian 6-25 
a 
a 
Wisconsin 
Sauk Co. 6-30^  
Sheboygan Co. 7-20 a 
Michigan 
Ingham Co. 6-2^  ^
First Frost 
Station Latitude Fall Frost Free Days 
Fargo 46.54 9-27 137 
Blsmarck 46.46 9-24 136 
Ashley 46.02 9-16 118 
Stanley 48.19 9-11 107 
Towner 48.21 9-11 109 
Pettlbone 47.07 9-08 104 
Brltton 45.48 9-20 123 
North Platte 41.04 10-07 131 
Wlllmar 45.08 9-29 144 
Prairie DuSac 43.19 10-16 173 
Sheboygan 43.45 10-19 174 
Wllllamston 42.41 10-08 154 
Table 4. (Continued) 
State County Mean 
City Flowering Date Station 
Missouri 
Clay Oo. 
Excelsior Springs 
Illinois 
Bond Co. 
Clinton Co. 
Logan Co, 
Ogle Co. 
Peoria Co. 
Whiteside Co. 
Winnebago Co. 
Woodford Co. 
Kansas 
Coffey Co. 
Burlington 
Lane Co. 
Healy 
Osage Co. 
Carbondale 
Wilson Co. 
Neodesha 
Oklahoma 
Delaware Co. 
7-01^ Kansas City 
7-27 Greenville 
7-22^ Greenville 
7-12^ Lincoln 
7-10^ Bookford 
7-1Peoria 
7-10^ Morrison 
7-10^ Rockford 
7-19^ Peoria 
7-21^ Burlington 
7-03^ Healy 
7-19^ Osage City 
7-30^ Predonla 
7-30g Pryor 
First Frost 
Latitude Fall Frost Free Days 
39.07 10-31 210 
38.53 10-25 190 
38.53 10-25 190 
40.09 10-15 169 
42.18 10-06 153 
40.40 10-16 177 
41.49 10-09 163 
42.18 10-06 153 
40.40 10-16 177 
38.12 10-23 191 
38.36 10-13 164 
38.38 10-18 182 
37.32 10-24 195 
36.18 10-31 210 
Table 4. (Continued) 
State County Mean 
City Flowering Date 
Iowa 
Adair Co:. 
Adair 7-12 
Cass Co. 
Cumberland 7-11 
Carroll Co.' 
Manning „ 
Coon Rapids  ^ c 
Cherokee Co• 
Meriden 7-10 
Crawford Co. 
Arion 
a 
Denison "^^ b^ 
Dickinson Co. 
Milford 6-30 
Bnmet Co. 
Esterville 6-30 
Guthrie Go. •-
Guthrie Center 7-11^  
Ida Co. 
Hblstein 7-02^  
Howard Co. 7-01^  
Jones Co. 
Olin 7-10 
Keokuk Co. 
Keota 7-11 
a 
Station 
First Frost 
Latitude Fall Frost Free Days 
Atlantic CAAAP 
Atlantic CAAAP 
Jefferson 
Alta 
Denison 
Esterville 
Esterville 
Audubon 
Sao City 
Osage 
Delaware 
0 skaloo sa 
41»25 10-04 153 
41.25 10-04 153 
42.00 10-07 156 
42.40 10-09 157 
42.00 10-04 152 
43.24 9-30 144 
43.24 9-30 144 
41.43 10-12 163 
42.26 10-06 154 
43.17 10-03 153 
42.28 10-07 157 
41.17 10-11 165 
Table 4. (Continued) 
State County Mean 
City Flowering Date 
Louisa Co. 
Grandvlew 7-12 
Linn Oo. 
Coggon ' 6-25 
Mahaska Co. 
Cedar 7-10 
Marlon Co. 
Pella 7-15 
Madison Co. 
Peru 7-21 
Montgomery Co • 
Red Oak 7-15 
Muscatine Co. 
Muscatine 7-12 
Pottawattamie Co. 
Carson 
Council Bluffs 7-18, 
Oakland 
Polk Co. 7-11^  
Shelby Oo. 
Portsmouth a 1^  
Harlan r-ijf 
Pocahontas Co. 7-10^  
Story Co. 
Ames 7-10. 
a 
d 
a 
e 
a 
a 
c 
Station 
First Frost 
Latitude Pall Frost Free Days 
Columbus 41.17 10-12 168 
Delaware 42.28 IO-O7 157 
Oskaloosa 41.17 10-11 I65 
Oskaloosa 41.17 10-11 I65 
Des Moines WBAP 41.32 IO-I9 I83 
Corning 41.00 10-12 I63 
Davenport WB 41.30 10-24 195 
Atlantic 41.25 10-04 153 
Des Moines 41.32 IO-I9 I83 
Harlan 41.40 I0-07 I56 
Pocahontas 42.44 10-04 I5I 
Ames 42.00 10-09 I6I 
Table 4. ( Continued) 
State County-
City 
Mean 
Flowering Date Station latitude 
First 
Fall Frost 
Frost 
Free Days 
Tama Co. 
Tama 
Taylor Co, 
Wrl^ t Co. 
Eagle Grove 
Northeastern Sites 
Veimont 
Chittenden Ooli 
Burlington 
New York 
Southwestern Sites 
Colorado 
Otero Co. 
Bockyford 
New Mexico 
Valencia Co. 
7.10a 
7-llb 
7-08^  
6-15( 
6-20; 
6-23, 
7-01. 
Toledo 
Clarlnda 
Burlington 
Rocky ford 
Blue Water 
42.00 
40.44 
Webster City 42,28 
44,00 
38.02 
35.16 
10-07 
10-10 
9-29 
10-03 
10.04 
9-21 
154 
142 
148 
160 
108 
Table 5* Dates of flowering for Amaranthus hybrldus collections grown at Ames, Iowa 
and the latitude, first fall frost and frost free season recorded by the 
weather statiôn closest to the seed collection site 
State County Mean First Frost 
City Flowering Date Station Latitude Fall Frost Free Days 
Iowa 
Clark Co. 
Osceola 8-01* Chariton 41.00 10-10 161 
Crawford Co. 
Denison 7-15* Deni son 42.00 10-04 152 
Clinton Co. 
De Witt 7-234 Clinton 41.51 10-12 169 
Des Ifoines Co. 
Danville 7-25„ Des Moines 41.32 10-12 I67 
Davis Co. 
Bloomfield 7-25^ Centervllle 40.43 10-12 I67 
Henry Co. 
Mt. Pleasant 7-26^ Fairfield 41.01 10-19 164 
Jasper Co. 
Monroe Albia 41.02 10-15 170 
Keokuk, Keota 7-23t Oskaloosa 41.17 10-11 165 
Lee Co. 7-28^ Fairfield 41.01 10-10 164 
Lucas Co. 
Lucas 7-28* Charlton 41.00 10-10 161 
Marion Co. 
Lacona 7-25* Oskaloo sa 41.17 10-11 165 
Poweshiek Co. 
Montezuma 7-25* Oskaloosa 41.17 10-11 165 
Table 5« (Continued) 
State County-
City 
Mean 
Flowering Date Station 
Story Co. 
Ames 
Zearlng 7-18 
Nevada 
Wapello Co. 
Ottumwa 7-24g 
Washington Co. 
Riverside 7-21^  
Woodbury Co. 
Correctlonville 7-23^  
Illinois 
Clark Co. 7^ 27^  
Clinton Co. 7-04^  
Crawford Co. 7-29^  
Efflng^ iam Go. 7-27^  
Franklin Co. 8-01^  
Pulton Go. 8-01^  
Ford Co. 7-26g 
Greene Co. 7-27^  
Hancock Go. 7-28^  
Knoi Go. 7-25^  
Ma^ n Co. 7-28^  
Kacoupln Co. 8-01, 
Ames 
Albla 
Columbus Jo. 
Sioux City 
Palestine 
Greenville 
Palestine 
Effingham 
McLeansbora 
Fushvllle 
Pontlac 
White Hall 
La Harpe 
Monmouth 
Lincoln 
Carllnvllle 
First Frost 
Latitude Pall Frost Free Dayo 
42.00 10-09 161 
41.02 10-15 170 
41.17 10-12 168 
42 . 32 1 0-12 1 67 
39.00 10-15 177 
38.51 10-25 190 
39.00 10-15 177 
39.07 10-15 176 
38.05 10-23 193 
40.08 10-20 185 
40.53 10-18 177 
39.26 10-16 177 
40.35 10-13 172 
40.55 10-16 174 
40.09 10-15 169 
39.17 10-17 178 
Table 5. ( Cîontlnued) 
State County Mean 
City Flowering Date 
Montgomery Co. 7-28^  
St. Clair Co. 8-01^  ^
Wabash Co. 8-07 o 
Midwestern Sites 
Kansas 
Wilson Co. 
Neodesha 8-11^  ^
Missouri 
Clay Co. 
Excelsior Springs 7-25% 
St. Charles Co. 7-25^  
Oklahoma 
Delaware Co. 8-15L 0 
Craig Co. 8-22^  
Indiana 7-28 
Southeastern Sites 
Virginia 
Stafford Co; 
Fredericksburg 8-04^  
Bappahannock Co. 8-02^  
Station 
First Frost 
Latitude Fall Frost Free Days 
Hillsboro 39.09 10-18 181 
Greenville 38.51 10-25 190 
Palestine 39.00 10-15 177 
Fredonia 37.32 10-24 195 
Kansas City AP 39.07 10-31 210 
St. Louis WB 38.39 11-08 220 
Pryor 36.18 10-31 210 
Vinita 36.39 10-25 199 
Fredericksburg 38.18 IO-25 186 
Woodstock 38.53 10-13 170 
Table 5. (Continued) 
State County 
City 
Mean 
Flowering Date Station Latitude 
First 
Fall Frost 
Frost 
Free Days 
Tennessee 
Davidson Co* 
Nashville 
Arkansas 
Benton Co. 
Washington Co. 
Fayetteville 
Soott Co. 
Waldron 
Yell 
Loul slana 
Red River Parish Co. 
Shreveport 
8-22^  
8—18^  
8-20U 
8-27 
8-26 
vegetative 
Lafayette Parish Co. 
Lafayette vegetative 
Nashville WB 36.10 
Rogers 36.20 
Fayetteville 3^ .05 
Waldron 34.5^  
Waldron 3^ » 5^  
Shreveport 32.25 
Lafayette 30.13 
11-07 
10-24 
10-24 
10-27 
10-27 
11-03 
11-27 
224 
194 
199 
203 
203 
225 
275 
Table 6. Date of flowering for Acaari^ thug powellii collections grown at Ames, Iowa 
and the latitude, first fall frost and frost free season recorded by the 
weather station closest to the seed collection site 
State County 
City 
Mean 
Flowering Date Station Latitude 
First 
Fall Frost 
Frost 
Free Days 
Canada 
B.C. Vancouver 
Idaho 
Cooding Co. 
Twinfalls Co. 
Latah Co. 
Washington 
Adams Co. 
Wisconsin 
Waukasha 
Racine Co, 
Sauk Co. 
Michigan 
Ingham 
Iowa 
Hamilton 
Webster City 
Wright 
Dickinson Co. 
Milford 
6-21. 
6-30^  
6-30^  
6-13. 
7-03b 
6-30; 
7-05( 
6-20, 
6-21 
6-30; 
6-22. 
6-20. 
Blaine, 
Washington 48.59 
Hollister 42.21 
Hollister 42.21 
Moscow 46.44 
Ritzville 47.07 
Waukasha 43.01 
Racine 42.43 
Prairie DuSac 43*19 
Williamston 42.41 
Webster City 42.28 
Webster City 42.28 
Esterville 43.24 
10-18 
9-18 
9-18 
10-03 
10-01 
10-08 
10-20 
10-16 
10-08 
9-29 
9-29 
9-30 
190 
111 
111 
146 
137 
153 
175 
173 
154 
142 
142 
144 
Table 6, (Continued) 
State County 
City 
Mean 
Flowering Date Station Latitude 
First 
Fall Frost 
Fro st 
Free Days 
Story Co. 
Ames 6-26^ Ames 42.00 10-09 161 
Bnmet 
Esterville 6-ZO^ Esterville 43.24 9-30 142 
Table 7. Seed weight, date of flowering, and percent germination under various 
treatments for European Amaranthus retroflexus collections grown at 
Ames, Iowa 
Collection 
Site 
Collection 
Number 
mg./lOO 
seeds^  
20° C. 
11/1° 
20° C. 
3/15" 
35° C. 
3/15^  
35° C. 
3/25 
12.5ATM 
NaCl* 
Flowering 
Date® 
Netherlands 295 43 60 85 99 15 June 15 
296 42 35 60 85 40 June 13 
Luxemberg 300 32 15 19 42 1 July 10 
Italy 304 38 0 4 12 1 July 20 
306 40 - - 7 0 July 22 
France (south) 307 27 0 2 55 1 July 16 
France (north) 313 34 6 15 55 5 July 1 
314 - 2 8 60 0 July 2 
Austria 316 39 3 4 95 8 July 1 
317 36 1 2 90 12 July 8 
318 40 1 1 86 10 July 4 
®Dry weight based upon sin average of 300 seeds. 
^Seeds stored at 10® C. until March 5* Counts based upon an average of 200 seeds. 
®Seed stored at 10° C; until November 21, Counts based on an average of 200 seeds. 
^Seed stored at 10° C. until March I5. Counts based on an average of 200 seeds. 
Substrate saturated with a 12.5 atmospheric solution of NaCl. 
^Flowering date, recorded when the floral primordia was macroscopically visible. 
Table 8, Seed weight and precent germination under various treatments for Amaranthus 
retroflexus collections grown at Ames, Iowa. Seeds harvested October 1» 
Tm 
Collection Collection mg./lOO 0 
0
 0 
CV
J 
20® C. 35® C. 35° C. 35° C. 
Site Number seeds* 11/1° 3/15^  11/1® 3/15^  3/25 12.5ATM 
NaCl* 
Saskatchewan 284 42 2 13 80 95 1 
Saskatoon 285 48 30 34 88 95 10 
Nipawin 298 45 1 15 65 90 -
Manitoba 288 44 1 17 65 85 0 
Minto 289 42 4 12 70 93 2 
297 45 3 18 45 80 0 
Winnepeg 291 48 89 85 92 95 0 
293 41 82 86 95 95 0 
294 42 78 78 84 85 0 
seeds, 
c 
seeds, 
d 
Dry weight based upon an average of 300 seeds. 
S^eeds stored at 10° C. until March 5* Counts based upon an average of 200 
Seed stored at 10 C. until November 21. Counts based on an average of 200 
Seed stored at 10® C. until March I5. Counts based on an average of 200 seeds. 
Substrate saturated with a 12.5 atmospheric solution of NaCl. 
Table 8. (Continued) 
Collection Collection mg./lOO 
Site Number seeds 
Northwestern Sites 
Idaho 
Gooding 410 35 
Canyon 202 35 
Montana 
Gallatin Co, 
Bozeman 211 38 
212 36 
225.5 35 
Oregon 
Linn Co. 464 36 
Klamath Co. 465 36 
Klamath Palls 266 36 
Union Co. 465,5 37 
Lane Co. 470 40 
North Central Sites 
North Dakota 
Cass Co, 256 37 
Burleigh Co. 258 41 
259 39 
20° C. 20° C. 35 C, 35 C. 35 C. 
11/1 3/15 11/1 3/15 3/25 
12.5ATM 
NaCl 
20 24 90 90 
1 9 44 57 
34 50 90 95 
50 50 95 96 
25 55 95 97 
0 0 97 100 8 
0 1 95 95 8 
0 6 85 95 5 
3 4 90 94 0 
0 7 92 95 8 
0 0 90 95 
1 18 65 90 0 
4 11 88 90 0 
Table 8. (Continued) 
Collection Collection mg./lOO 
Site Number seeds 
Burleigh Co. 260 -
Mcintosh Co. 250.5 33 
251 35 
252 38 
253 34 
254 30 
Montrail Co. 24? 48 
245 47 
Pierce Co. 261 41 
262 38 
263 41 
Stutsman Co. 242 35 
243 
244 40 
South Dakota 
Day Co. 275.5 35 
Nebraska 
Lincoln Co. 23I 34 
232 40 
Minnesota 
Kandivohi Go. 
Lake Lillian 228 9 
20° C. 20° C. 35 C. 35 C. 35 C. 
11/1 3/15 11/1 3/15 3/25 
12.5ATM 
NaCl 
4 18 70 93 0 
3 26 87 95 50 
13 35 80 85 14 
0 1 15 20 0 
9 10 80 94 10 
0 2 93 95 10 
5 50 95 95 0 
50 85 90 91 0 
6 25 90 95 0 
0 0 38 40 0 
0 1 30 70 0 
5 47 90 92 0 
2 20 30 29 0 
20 31 80 90 0 
1 - - -
-
19 20 0 
13 25 97 97 50 
3 15 98 100 25 
Table 8. (Continued) 
Collection Collection mg./lOO 
Site Number seeds 
Wisconsin 
Sauk Co. 282 30 
283 31 
Michigan 
Ingham Co. 206 30 
Illinois 
Bond Co. 319 32 
320 34 
Clinton Co. 321 35 
Logan Co. 322 31 
323 33 
324 
Ogle Co. 334 35 
Peoria Co. 326 3^  
327 34 
Whiteside Co, 329 32 
330 36 
331 34 
Winnebago Co. 332 38 
Woodford Co. 333 33 
Arkansas 
Polk Co. 333.5 30 
20° C. 20° C. 35 C. 35° C. 35 C. 
11/1 3/15 11/1 3/15 3/25 
12.5AIM 
NaCl 
1 2 95 95 0 
1 3 90 95 0 
0 0 80 90 0 
0 0 75 90 1 
0 5 85 87 4 
0 0 98 100 1 
1 5 37 85 0 
0 0 99 99 0 
0 1 50 95 0 
0 0 90 93 0 
0 1 95 95 0 
0 1 95 97 0 
7 25 95 95 0 
3 15 95 97 0 
1 2 95 99 0 
1 25 80 83 0 
0 0 95 95 8 
0 0 95 95 
Table 8. (Continued) 
Colleotlon Collection mg./lOO 
Site Number seeds 
Kansas 
Coffey Co. 
Burlington 218 
219 37 
Lane Co. 
Healy 21? 37 
Wilson Co. 
Neodesha 221 36 
222 41 
Oklahoma 
Delaware Co. 268 38 
269 41 
270 40 
Iowa 
Adair Co, 
Adair 3^ 9 37 
Boone 406 37 
407 39 
Cass Co. 351 
Cumberland 3I8.5 36 
335 37 
Calhoun 335*5 32 
Carroll Co. 
Manning 337 37 
20® C. 20° C. 35 C. 35 C. 35 C. 
11/1 3/15 11/1 3/15 3/25 
12,5AIM 
NaCl 
80 
0 0 90 90 0 
0 0 90 94 70 
1 6 35 42 0 
1 1 90 95 90 
3 3 55 85 0 
0 0 75 90 0 Ô 0 87 95 0 
6 6 50 75 0 
0 20 mm 10 
1 30 - - 12 
0 0 90 95 6 
0 1 90 99 
0 0 92 99 
0 1 95 95 0 
Table 8. (Continued) 
Collection Collection mg./lOO 
Site Number seeds 
Coon Hapids 336 
338 
30 
31 
Cherokee Co. 
Meriden 339 36 
Crawford Co. 
Deni sen 340 34 
Dickinson Co. 
Mil ford 342 34 
Eimaet 
Esterville 439 35 
Guthrie Co. 
Guthrie Center 347 32 
Ida Co. 
Hoistein 353 
354 
38 
37 
Hamilton Co. 
Webster City- 427 35 
Howard Co. 355.2 33 
Jones Co. 
Olin 
Keokuk Co. 
Richland 
360 
359 
31 
31 
Louisa Co. 
Grandview 363 34 
20° C. 
11/1 
20° C. 
3/15 
35° C. 
11/1 
35° C. 
3/15 
35° C. 
3/25 
12.5ATM 
NaCl 
0 90 95 0 
0 6 60 81 0 
0 0 65 88 0 
0 0 95 98 0 
0 1 92 95 0 
1 1 87 97 0 
0 0 50 85 0 
2 5 50 85 
2 5 55 90 
0 2 88 95 
0 2 95 98 0 
1 0 95 98 0 
0 0 94 97 0 
0 0 75 95 [o 
Table 8. (Continued) 
Collection Collection mg./lOO 
Site Number seeds 
Grandvlew 364 37 
Llnn Co. 
Coggon 365 33 
Mahaska Co. 
Cedar 367 25 
368 30 
Marlon Co. 
Pella 370 30 
372 38 
,373 30 
Madison Co. 
Peru 374 39 
Montgomery Co. 
Red Oak 375 43 
Pottawattamie Co. 382 38 
Carson 378 39 
381 29 
Mitchell Oo. 442 40 
443 34 
Polk Co. 384 35 
385 34 
386 39 
Shelby Co. 356 34 
Portsmouth 387 35 
388 32 
Harlan 398 36 
20® C. 20° C. 35 C. 35 C. 35 C. 
11/1 3/15 11/1 3/15 3/25 
12.5 ATM 
NaCl 
10 32 97 0 
0 0 87 97 0 
3 4 42 97 0 
0 0 75 92 0 
0 1 84 90 0 
0 0 85 88 0 
0 5 85 90 0 
0 0 97 100 0 
0 3 95 99 0 
0 0 95 100 0 
0 3 81 100 0 
0 1 93 95 -
0 3 95 100 
12 20 95 100 
0 0 92 95 0 
0 0 85 95 0 
0 0 87 91 0 
5 22 0 
10 20 80 85 5 
1 24 95 95 4 
1 4 90 97 0 
Table 8; (Continued) 
Collection 
Site 
Collection 
Number 
mg./lOO 
seeds 
20° C. 
11/1 
20° C. 
3/15 
35° C. 
11/1 
35° C. 
3/15 
35° C. 
3/25 
12.5 A! 
NaCl 
Harlan 399 37 0 0 95 95 0 
Shelby 355.5 36 0 0 95 95 0 
Story Co. 
60 Ames 391 30 0 0 95 0 
392 29 0 0 85 0 
393 31 0 0 77 97 0 
394 30 0 0 65 0 
403 32 0 0 85 90 0 
Boone Co. 406 37 0 20 95 95 10 
407 39 1 30 80 95 12 
Tama Co. 
Tama 401 34 0 0 85 90 0 
Wright Co. 405 31 0 1 90 95 
Northeastern Sites 
Vermont 
Chittenden Co. 270 31 3 15 90 93 0 
New York 237 33 18 13 92 92 30 
238 30 12 6 90 90 60 
239 33 1 7 90 95 20 
240 32 2 6 92 95 10 
Table 9. Seed weight and percent germination under various treatments for Amaranthus 
hybrldus collections grown at Ames, Iowa. Seeds harvested October 1, 1965 
Collection 
Site 
Collection 
Number 
mg./lOO 
seeds* 
20° C. 
3/15^  
35° 0. 
11/1° 
35° C. 
3/15^  
Midwestern Sites 
Iowa 
Clark Co. 
0 sceola 572 20 89 90 
Clinton Co. 580.2 
580.25 
29 
29 ii 
CO 
00 87 
92 
DeWitt 573 36 19 85 90 
Crawford Co. 
Deni son 576 
577 
37 
37 
1 
28 
90 
90 
90 
84 
Davis Co. 
Bloomfield 579 35 10 66 95 
Henry Co. 
Mt. Pleasant 580 30 1 67 91 
Jasper Co. 
Monroe 581 30 1 67 91 
Keokuk Co. 
Keota 582 39 13 80 83 
^Dry weight based upon an average of 300 seeds. 
^Seeds stored at 10® C. until March 5# Counts based on an average of 200 seeds. 
®Seeds stored at 10° G. until November 21. Counts "baèéd on an average of 200 
seeds. 
Table 9. (Continued) 
Collection Collection mg./lOO 
Site Number seeds 
Keota 583 28 
584 — 
Lee Co. 585 30 
586 36 
584 36 
Lucas Co• 
Wapello 588 37 
Marlon Co. 594 35 
Lacona 595 35 
Story Co. 
Zearlng 603 27 
Nevada 6OO 38 
Wapello Co. 
Ottumwa 606 35 
Washington Co. 
Riverside 604 34 
598 
Woodbury Co. 
Gorrectionville 605 34 
Illinois 
Clark Co. 534 33 
535 28 
Clinton Go. 538 
Crawford Co. 541 35 
Franklin Co. 545 34 
20° C. 35° C. 35° G 
3/15 11/1 3/15 
21 86 90 
33 95 95 
9 74 84 
33 95 90 
12 70 85 
9 - -
6 58 59 
0 38 50 
1 87 90 
21 85 95 
1 80 85 
21 80 82 
0 62 65 
6 96 92 
25 88 93 
45 95 95 
50 85 ' 90 
25 85 90 
0 45 83 
Table 9» (Continued) 
Collection Collection mg./lOO 
Site Number seeds 
Pulton Co. 5^ 7 37 
Ford Co. 548 33 
Greene Co. 5^ 9 3^  
Hancock Co. 551 34 
Knox Co. 553 33 
554 33 
555 32 
Mason Co. 557 39 
Macoupin Co. 559 37 
Montgomery Co. 562 39 
St. Clair Co. 565 34 
Wabash Co. 5^ 7 34 
Indiana 569 36 
570 30 
Oklahoma 
Delaware Co. 271 31 
Craig Co. 35 
Southeastern sites 
Virginia 
Stafford Co. 
Fredericksburg 531 38 
532 40 
Bappahannock Co. 530 39 
20° C. 35° C. 35® C. 
3/15 11/1 3/15 
35 90 85 
33 85 90 
50 83 100 
12 85 88 
0 35 45 
22 82 80 
1 78 85 
9 50 82 
7 85 90 
3 95 96 
89 95 
20 77 88 
20 95 96 
10 95 95 
0 2 94 
1 
15 91 90 
20 90 94 
15 90 94 
Table 9. (Continued) 
Collection Collection mg./lOO 20° C. 35° C. 35° C. 
Sites Number seeds 3.15 11/1 3/15 
Tennessee 622 34 54 90 95 
623 44 80 90 
Arkansas 
Benton Co. 
Rogers 525 27 3 90 90 
526 26 0 75 85 
527 28 1 40 85 
Lawrence Co. 527.5 27 41 95 95 
Yell Co.^  527.6 30 
Scott Co.^  29 
31 
Texas 
Shelby Co. 
Tenaha& 626 28 
Louisiana 
Red River Parish*^  27 
Natchitoches Parish 28 
27 
P^lants transplanted to greenhouse In October and seed collected there. 
Table 10. Seed weight and percent germination under various treatments for 
•Amarajithus powellii collections grown at Ames, Iowa. Seeds harvested 
October 1, 1965. 
Collection 
Site 
Oollection 
Number 
mg./lOO 
seeds®' 
20° G. 
3/15^  
35° G. 
11/1° 
35° C. 
3/15* 
North Central Sites 
Illinois 
Ogle Co. 42 Zj. 40 8 32 
Iowa 
Audubon Co. 
Exlra 
Clark 
Calhoun 
Etamet 
Esterville 
Mitchell Co. 
Story-
Ames 
431 
426 
444 
437 
438 
441 
442 
449 
43 
42 
42 
46 
38 
46 
40 
42 
12 
2 
10 
3 
17 
6 
5 
22 
3 
1 
4 
4 
2 
42 
45 
36 
25 
6 
24 
% 
25 
Dry weight based upon an average of 3OO seeds. 
S^eeds stored at 10° C. until March 5» Counts based on an average of 200 seeds. 
seeds. 
°Seeds stored at 10° C. until November 21. Counts based on an average of 200 
Table 10. (Continued) 
Collection Collection mg./lOO 
Site Number seeds 
Wright Co. 
Goldfield 429 4) 
Winnebago 
Forest City 431 43 
Michigajtx 
Ingham Co. 4? 
Minnesota 
Steele Oo. 451 52 
Martin Co. 452 4? 
Wisconsin 
Jefferson Co. 492 4? 
493 51 
494 47 
Racine Co. 499 43 
500 47 
501 44 
Roseau 47 
Sauk Go. 503 44 
504 40 
505 44 
506 41 
Waukesha 527 43 
20° C. 35° C. 35° C. 
3/15 11/1 3/15 
0 2 5  
5 1 15 
2 3 7  
6 2 38 
12 1 55 
0 1 3 
4 0 17 
11 6 42 
0 3 10 
8 6 22 
5 2 16 
0 3 12 
4 11 15 
2 1 11 
10 6 22 
3 5 15 
2 6 20 
Table 10. (Continued) 
Collection Collection mg./lOO 
Site Number seeds 
Northwestern Sites 
Montana 
Gallatin 
Bozman 5^5 5^ 
213 42 
Idaho 
Gooding Go. 412 46 
Canyon Co. 203 40 
Nez Perce 416 38 
Twin Palls 419-b 38 
421 38 
423 48 
428 40 
Oregon 
Linn Oo. 465 46 
Marlon Co. 
Sllverton 468 45 
Baker 469 43 
Washington 
Adams 476 44 
477 49 
Yakima Go. 480 45 
Wapato 481 38 
482 43 
20° C. 35° C. 35° C. 
3/15 11/1 3/15 
9 14 18 
22 22 43 
1 0 1 
1 5 5  
2 33 41 » 
1 1 5  <  
2 3 12 4 
8 5 34 
1 1 7  
1 95 98 
9 11 24 
12 5 12 
3 3 55 
3 3 15 
4 1 13 
18 1 27 
2 2 35 
Table 10. (Continued) 
Collection Collection mg./lOO 20° C. 35® C. 35® C. 
Site Number seeds 3/15 11/1 3/15 
Quincy Co. 484 48 0 12 55 
485 43 1 2 52 
486 43 2 2 30 
487 45 3 3 14 
Northeastern Sites 
Vennont 
Chittenden Co. 474 43 1 3 24 
277 42 5 10 13 
Table 11. Percent germination under various treatments and seed weight for inter­
mediates between ^  retroflexus and ^  powellii « Seeds harvested 
October 1, 1965 
Oolleotlon Oolleotlon mg./lOO 20° Ci 35° 0. 35° 0. 
Site Number ii/i° j/jjb 
Vermont 
Chittenden 7^5 33 40 70 75 
Wisconsin 
Sauk 502 34 5 70 71 
Iowa 
Calhoun 445 37 17 45 60 
Story 336.5 35 15 55 55 
D^ry weight based upon an average of 300 seeds. 
S^eeds stored at 10® C. until March 5# Counts based upon an average of 200 
seeds. 
®Seed stored at 10° C. until November 21. Counts based on an average of 200 
seeds. 
Table 12. Percent germination under various treatments and seed weight for inter­
mediates between ^  powellll and ^  hybridus 
Oolleotlon Collection mg./lOO 20° 0. 35° C. 35° C. 
Site Number e^eas» 3/15^  11/1° 3/15" 
Idaho 
Gooding Go, 411 31 33 38 1 64 
Latah Go, 414 43 3 75 76 
204 36 1 9 58 
Nez Perce Co, 420 36 3 60 80 
417 33 3 85 84 
British Columbia 514 35 3 97 97 
513 41 3 92 100 
515 35 2 86 88 
D^ry weight based upon an average of 300 seeds. 
S^eeds stored at 10° C. until March 5* Counts based upon an average of 200 
seeds 
®Seed stored at 10° C. until November 21, Counts based on an average of 200 
aeeds. 
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îDable 13» Summary tables of statistical analyses 
Multiple regression of flowering date of all 
collections of ^  hybridus on latitude, mean 
summer temperature, first fall frost and frost 
free season 
Source DP 
Regression 4 
Residual 38 
Tbtal 42 
Sum of 
Squares 
40611111 
671.353 
4732.465 
Mean 
Square 
1015.27 
17.66 
P-ratio = 
57.466 
Standard 
error = 4.203 
Variable B value 
Dependent 357.561 
Latitude -«056 
Mean température -.447 
First frost -.440 
Frost free season 13.146 
Standard 
Error of B 
86.357 
-.007 
82.521 
48.960 
26.469 
T value 
4.14 
.7.50 
-.54 
-.,89 
.49 
b. Multiple regression of flowering date of all 
collections of ^  retrofleyis on latitude, mean 
summer temperature, first fall frost and frost 
free season 
Source IF 
Regression 4 
Residual 58 
Total 62 
Sum of 
Squares 
5682.989 
2656.757 
8339.746 
Mean 
Square 
1420.747 
45.8O6 
F-ratlo -
31.016 
Standard 
error = 6.768 
Variable B value Standard T value 
Error of B 
Dependent 9.192 66.092 .139 
Latitude -.010 .005 -1.938 
Mean temperature .160 .148 .329 
First frost .514 .443 1.158 
Frost free season -.034 .228 -.151 
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Table 13. (Continued) 
Multiple regression of flowering date of all 
central U.S. collections of A. retrofle^ s on 
latitude, mean summer temperature, first fall 
frost and frost free season 
Source DP 
Regression  ^
Residual 52 
Total 56 
sum of 
Squares 
6151.330 
1870.038 
8021.368 
Mean 
Square 
1537i832 
35.962 
P-ratio = 
42.762 
Standard 
error = 5.996 
Variable B value 
Dependent I3.726 
Latitude -.026 
Mean temperature -.281 
First frost .374 
Frost free season -.O83 
Standard 
Error of B 
91.649 
.008 
.069 
.046 
.247 
T value 
1.497 
-3.029 
-.407 
-.814 
-.336 
d. Linear regression of seed weight on latitude for 
all collections of Â. hybridus 
Source DP 
Regression 1 
Residual 33 
Total 34 
Sum of 
Squares 
71i8l6 
313.326 
385.142 
Mean 
Square 
71.816 
9.494 
P-ratio = 
7.563 
Standard 
error = 3.081 
Variable B value Standard T value 
Error of B 
Dependent 12.417 7.761 1.599 
Latitude .542 .197 2:750 
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Table I3, (Oontinued) 
Linear regression of seed weight on latitude for 
all central U.S. and Canadian collections of A. 
retTOflexus 
Source m Sum of Mean 
Squares Square 
Regression 1 273.720 273.720 P-ratio = 
Residual 50 652.202 13.304 20.984 
Standard 
Total 51 925.923 error = 3.61I 
Variable B value Standard T value 
Error of B 
Dependent 6.623 6.423 1.031 
Latitude .685 .149 4,580 
\0 f. Sample regression of seed germination at 20 Ci 
on latitude for all central U.S. and Canadian 
collections of A. retroflexus 
Source 
Regression 
Residual 
Total 
Variable 
Dependent 
Latitude 
DP 
1 
48 
49 
Sum of 
Squares 
Ai'é 
17048.000 
B value 
-.013 
3.438 
Mean 
Square 
6833.536 
212.801 
Standard 
Error of B 
26.066 
—. 606 
P-ratio = 
32.112 
Standard 
error = 1*458 
T value 
-5.273 
5.666 
e. 
Source 
Sample regression of seed germination at 20 C# 
on latitude for all collections df A. hybrldus 
Regression 
Residual 
Total 
Variable 
Dependent 
Latitude 
m 
1 
31 
32 
Sum of 
Squares 
81.424 
6272.802 
6354.727 
B value 
52.724 
-.091 
Mean 
Square 
81.924 
202.348 
Standard 
Error of B 
57.626 
1.441 
P-ratio = .4o4 
Standard 
error = 14.22 
T value 
.914 
-.636 
Figure 30. Linear regression of dry weight of ^  retroflexua seeds 
on degrees north latitude 
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